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CHAPTER 1. INTRODUCTION 
The solidified noble gases (neon, argon, krypton, and xenon) form 
an important class of solids. They are characterized by closed-shell 
atoms in a cubic-close-packed structure, low melting points, and weak 
binding. They also represent a very interesting case where the quantum 
mechanical zero-point motion of the atoms has a very important effect on 
the elastic and thermal properties of the solid. Table 1, for instance, 
shows that the zero-point energy varies from 32% of the cohesive energy 
for neon to about 3% for xenon. Thus, zero-point energy plays an im­
portant role in the Rare Gas Solids (RGS) because of the weak interatomic 
forces. The zero-point energy of an ionic solid, for instance, may con­
stitute only a fraction of one percent of the cohesive energy which is of 
the order of 10 ev/atom (compared with 0.026 ev/atom for neon). As such, 
the RGS are nearly the ideal case for the comparison with experimentally 
determined thermodynamic properties of realistic theoretical calculations 
of the effects of zero-point motion on the lattice properties. 
Historically, the body of theoretical knowledge concerning the RGS 
has far exceeded experimental results. However, this situation has 
changed drastically during the past five years with systematic investi­
gations of heat capacity, neutron scattering, thermal expansion, com­
pressibility, and other properties being reported. The results of these 
experiments indicate a need for more sophisticated theoretical models and 
inHeeH have encouraaed theorists to improve their earlier, less complex 
ideas. 
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D i  stance 
ao (%) 
Parameters in the 
MLJ potent ia l  (NN 
interact ions only)  





Poi  nt  
Energy 
(ev/atom) 
Ne 3.13 3.04 0.006 0.026 0.008 
Ar 3.76 3.71 0.020 0.108 0.010 
Kr 4.01 3.97 0.027 0.155 0.008 
Xe 4.35 4.32 0.038 0.223 0.007 
^Taken from Reference k. 
The major trends in these developments are outlined in a series of 
review articles, in 1957 Dobbs and Jones (1) and in 1964 Pollack (2) 
gave extensive references to theoretical and experimental work. Boato (3) 
also has written a review article but with relatively few references. 
Morton (4) and Werthamer (5) recently have reviewed the current theo­
retical approaches used for the RGS. 
The present work represents a high precision experimental investi­
gation of the volume and temperature dependence of the heat capacity of 
solid neon. The types of considerations which are needed to interpret 
their significance are outlined below. In particular, solid neon 
interesting because of the relatively large size of the zero-point is 
CwCr^y 55 COi'ûparôd WtLn citc cnci yy y^iciuic i / f  wiiiun icsuiL^ in 
large amplitude atomic vibrations even at absolute zero. The vibrations. 
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though of large amplitude (approximately 6% of the nearest neighbor dis­
tance), r-e considerably smaller than for helium and hence allow for more 
precise theoretical calculations. 
Theoretical models of the RGS are made computationally tractable by 
the assumption of a relatively simple two-body potential function com­
posed of long range attractive and short range repulsive terms. A widely 
used starting point for the attractive part of the potential is the Van 
der Waal s r ^ potential which arises from the dipole-dipole interactions 
between the fluctuating charge distributions of the atoms. The repulsive 
term arises from the Pauli exclusion principle and its exact mathematical 
form is not well founded but is probably an exponential of the form 
exp(-Àr). 
The Mie-Lennard-Jones (MLJ) potential, which is one of the most 
popular of several ad-hoc potentials used to describe RGS, has the form 
where r is the separation between two atoms, e is the depth of the 
potential well at the minimum, a is the location of the minimum, and n 
is a number of the order of 12. Values of a and e for the MLJ potential 
are listed In Table 1. 
The repulsive term is represented explicitly as an exponential in 
the Buckingham potential. 
Two-Body Potentials 
( 1 - 1 )  
V ( r )  =  G x p  [ - n ( :  -  1 ) ]  -  Ç  ( 7 )  i  ,  ( 1 - 2 )  
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where n Is 12 or 13. The Morse potential contains three explicit param­
eters and is written 
V(r) = Cjexp [-2c - 1)] -2 exp [-c (^ - 1)]j ^ (1-3) 
In both of these potentials € and a have the same meaning as for the MLJ 
potent ial. 
There has been much discussion concerning the values to be used for 
the potential parameters o and e. First principles calculations (6-9) 
have not yielded definitive results for the electronic interactions be­
tween rare-gas atoms in a lattice. It thus has been customary to obtain 
the parameters from either gas phase data such as transport properties, 
viscosity, diffusivity, the second virial coefficient, and atomic beam 
scattering (10-14) or from solid state properties-primarily the 0 K, 
P=0 lattice spacing, sublimation energy and bulk modulus in the case of 
the Morse potential (15-20). Although the gas phase data may give more 
realistic values for a true two body potential, the parameters derived 
from solid state data give better results when used in lattice dynam­
ical theories (21,22), since they represent an average of the properties 
of the atoms in the lattice. 
Other potential functions (such as the Munn-Smith and Polynomial 
potentials) are used in RGS calculations (4), but the MLJ and the Buck­
ingham are the most popular. There seems to be no definite advantage to 
either the MLJ or Buckingham potential as far as accounting for experi-
mAnfal rACilf  in a sinnif iranflv snnerinr fashinn. Indeed, both DO-
tentials have their advocates (23,24) and both have been widely questioned 
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on the grounds that a simple two-body potential may be unreasonable 
in a discussion of the RGS. In fact, the role of many-body forces in 
the RGS is very much undecided with l ittle experimental evidence to sub­
stantiate or disprove theoretical predictions (25,26,4). If there are 
appreciable many-body forces in the RGS then the ad-hoc two body param­
eters must compensate for these in some manner in order to adequately 
describe the crystal properties. 
Some information about the crystal potential can be deduced from 
pressure effects on the solid state properties. Changes in the volume 
require that the atomic motions be affected by different portions of the 
potential function thus yielding indirect information about its shape. 
Lattice Dynamical Models 
Modern lattice dynamical theories (27-32) are based on the ideas in­
troduced by Born and von Ka'rma'n in 1912. They considered the solid as a 
set of N (number of atoms) coupled harmonic oscillators having 3N normal 
modes of vibration. The allowed frequencies of vibration are the solu­
tion of a set of 3N coupled simultaneous equations in which the inter­
atomic potential is expanded in a Taylor series to second order (the 
harmonic approximation) in the atomic displacements. This set of equa­
tions is solved commensurate with the lattice to obtain dispersion curves 
(cu vs k) for as many directions in the solid as possible. A density of 
states representing the frequency spectrum then can be constructed from 
which the tftmnerature-denendent free enerav is given bv (in the harmonic 
approximation) 
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F(V,T) = Uq(V) + 3N J  \ j h w +  
kgTin [l - exp(-^U)/kgT)]| D(cu)dûu (1-4) 
Here the stat ic lat t ice energy U^fV) and the zero-point  energy 
1 Ez = 3N j hm D(w)dw have been included. U^fV) is obtained by sum­
ming over the pairs of atoms In the lattice and is proportional to the 
values of e, the depth of the potential well, which are listed in Table 1. 
The magnitude of the cohesive energy listed In Table 1 is = U^fV) - E^. 
Other thermodynamic quantities now can be calculated from F. The 
specific heat at constant volume, for Instance, is given by 
,  A w / k T  
2 00 (Aw/k T) e 
, = 3NKg J ,  r— D(m)dw . (1-5) 
dT U 0 (e B _ 
The factor 3N arises in both Equations 1-4 and 1-5 since there are 3N 
modes of vibration. It is easy to see from Equation 1-5 that the volume 
dependence of arises from the volume dependences of the frequencies 
and the shape of D(w). Thus, the harmonic approximation, which assumes 
that the cu's (and hence D((u)) are independent of V, Is unrealistic since 
in practice the elastic constants (which are related to the low fre­
quency (u's) do vary with pressure. 
The basic fault of the harmonic approximation is that It assumes 
that the atomic oscillations are small enough to expand the potential 
about the minimum keeping only the second order term. In the RGS the 
large =crc point -otîor. îr.vclîdctes the assumption of small mycursimns 
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and "blows up" the lattice so that the true equilibrium position is 
shifted from the potential minimum. The equilibrium position is further 
displaced from the potential minimum due to the attractive forces of 
distant neighbors. The so-called quasiharmonic approximation corrects 
for these effects in that the potential is expanded about the actual 
equilibrium position. As in the harmonic approximation, only the second 
derivative of the potential is retained in the expansion but the normal 
mode frequencies are allowed to be volume-dependent. This results in a 
thermal expansion at constant pressure as the solid adjusts itself to 
the minimum free energy at each temperature. In the case of neon, quasi-
harmonic models (33,34) using the MLJ and Buckingham potentials yield 
very poor agreement with the measured heat capacity, since the vibration 
amplitudes for neon are too great and the quadratic expansion of the 
potential is inadequate. Quasiharmonic models using potential parameters 
derived from an anharmonic free energy at T = 0 K (which gives a closer 
approximation to the true potential) (34-37) give, in general, better 
agreement. 
In a true anharmonic calculation, the potential Is expanded to cubic 
and quartic terms in the displacements. The energy eigenvalues for the 
Hamiltonian of the crystal then can be obtained by treating the cubic and 
quartic terms as a perturbation on the harmonic part of the Hamiltonian, 
which can be solved exactly. The frequencies of the normal modes (which 
are related to the eigenvalues) now are both volume and temperature-
dependent. The complete solution of this problem is a most formidable 
task and approximations must be introduced. This perturbation technique 
8 
is only partly successful in describing the thermodynamic properties of 
the RGS. Klein, Morton, and Feldman (38,39) and Reissland (40) found this 
technique inapplicable to neon and only valid for argon, krypton, and 
xenon for temperatures less than about one-third of the melting tempera­
ture. According to these authors, this perturbation theory approach is 
valid only when the lattice vibrations are about 6% or less of the near­
est neighbor distance. Consequently, perturbation theory is applicable 
to neon only very near absolute zero, but even then is at the limit of 
its capabi1ities. 
Solid neon is one of the most interesting of the RGS since its pro­
perties are intermediate between those of solid helium and the heavier, 
more classical RGS. Helium is well known as a quantum solid and short 
range correlations are essential in an adequate description of its lat­
tice dynamics. The relatively large atomic displacements for neon are 
sufficiently smaller than those of helium (where the amplitudes are 
about 3% 6f the NN distance) so that short range correlations become 
negligible (5,41), but anharmonicity remains significant. It is for 
this reason than neon is of special theoretical interest. 
It is not surprising, then, that the most successful theoretical 
study on solid neon is provided by the self-consistent phonon theory, 
which is discussed in detail by Choquard (32) and is reviewed by 
Werthamer (5). These considerations are particularly relevant to crystals 
like helium and neon in which the atoms exhibit large amplitude vibrations. 
Hence, in this theory, the motion of a single atom is determined by an 
effective potential which is created by an average over the motions of 
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the other atoms. It is also necessary to treat the motion of all atoms 
equivalently and in a self-consistent manner, in one technique this is 
done by treating the frequencies of vibration as parameters in a vari­
ational technique which minimizes the energy. 
The first applications of self-consistent theory to solid neon (42, 
43) did not include odd derivatives of the interatomic potential (i.e. 
cubic anharmonic terms were omitted), so that quantitative disagreement 
with experiment was expected. In the most recent version (44,23), which 
is an application of the leading terms of Choquard's second-order theory 
(32), odd derivatives of the interatomic potential are included. As 
will be seen in a discussion Iselow, this treatment gives by far the 
best agreement to date with experimental measurements. 
Debye Model 
The major problem in a lattice dynamical calculation is to obtain 
the frequency distribution of the normal modes, the function D(w) in 
Equations 1-4 and 1-5. The density of states can be obtained exactly 
only by a complete solution of the 3N set of dynamical equations for the 
lattice modes. The shape of the vs T curve, which depends on D(w), 
is the same for nearly all solids, however, and it is closely described 
by a theory proposed by Debye in 1912. This theory contains only one 
parameter, the characteristic Debye temperature G^, and the theory is 
rigorously correct in the low temperature limit{^-0 K). In this model, 
the 3N normal modes are reolaced bv a disoersionless elastic continuum in 
a manner which is justified qualitatively below. 
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At low temperatures only the long wavelength modes are excited, 
which suggests that the solid might be treated as an elastic continuum 
The solid also is assumed to be dispersionless so that the lattice waves 
have a constant group velocity dco/dk = C, Since there are N atoms in the 
solid there will be only N allowed modes of vibration (each having three 
polarizations) so there must be a cut-off mode corresponding to a maxi­
mum frequency of vibration uj^. This cut-off frequency corresponds to the 
minimum wavelength vibrations in the solid, i.e. a wavelength of the order 
of twice the interatomic spacing. In a description of the solid in re­
ciprocal space each mode of vibration cu has a corresponding reciprocal 
wave vector k (k = 2%/Xj associated with it and thus for each polariza­
tion there are N reciprocal wave vectors. Debye assumed that the N states 
in reciprocal space are contained in a sphere of radius k^, corresponding 
to the maximum frequency cu^. Hence the density of states per unit fre­
quency range, D(tu), can be expressed in terms of the density of states in 
k space as 
(1-6) 
or, since k = cu/C, 
(1-7) 
Thus, from Equation 1-5, 
(e - - 1) *0 
( 1 - 8 )  
n 
or 
T 3 G_/T A 1 
s = j; ^7777 
where Z = Aw/kgT and defines the characteristic Debye 
temperature 
The integral in the above expression cannot be evaluated in closed 
form but it may be approximated in the high and low temperature limits. 
When T/Gg is large the upper limit is small and the integrand can be ex­
panded to give 
d z = l  ( 1 - 1 0 )  
0 z ^ 
or 
C\/ = 3Nkg, (1-11) 
which is the Dulong and Petit Law. At very low temperatures Qp/T is large 
and may be taken to be infinity for all practical purposes. The integral 
then is 4 % /15 from standard tables and 
S = "kg (^) , (1-12) 
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which is the famous Debye T -law of specific heats. 
This discussion of the Debye model began by noting that nearly all 
curves have similar shape and thus might be described approximately by a 
single parameter The major physics then comes in investigating or 
displaying deviations of experimental specific heat data from the Debye 
theory. These deviations from "ideal" behavior are often displayed in 
terms of a temperature-dependent Debye temperature 0[j(T). Here, 8p(T) 
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is the characteristic temperature of the Debye distribution which would 
give the same value of as that found for the experimental solid at 
that temperature. Operationally, G^fT) is determined by numerically 
evaluating Equation 1-9 for many values of G^/T and constructing a table 
of Cy and G^/T values. 0^(7) then may be evaluated by looking for Cy in 
the table and multiplying the corresponding value of G^/T by T. 
The limiting value of G^Cf) as T approaches 0 is designated G^. 
0|j(T) and G^ provide convenient parameters to compare specific heat data 
and to show sensitive deviations from the Debye theory. Thus, one often 
displays specific heat data on a plot of G^fTj/Gg versus T/G^. 
A fundamental feature of Debye's theory is the connection it makes 
between thermal and elastic properties. G^ can, for instance be related 
to the sound velocity (or equivalently the elastic constants) in the fol­
lowing way. In the simplest case where the velocity of sound is indepen­
dent of polarization and direction in the solid, we can relate the cut-off 




•"D ° C- (1-13) 
In a slightly more complex example each mode of vibration may have three 
polarizations, one longitudinal and two transverse. In the case where 
all polarizations have the same value of kg but the transverse and 
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longitudinal wave velocities are and respectively, an average 
velocity is defined which has the form 
3 = V + (1-14) 
Then from Equation 1-13 
In a real anisotropic crystal, the density of states must be related to 
an average sound velocity which is calculated by integrating an express­
ion of the form of Equation 1-14 over small elements of solid angle in 
reciprocal space. Furthermore, in real crystals which do not obey the 
Debye theory at finite temperatures, a comparison of the elastic and 
thermal data can be made only through 0^. 
Volume Effects 
Theoretical lattice calculations of thermodynamic quantities are 
performed at constant lattice parameter; i.e. the results refer to con­
stant volume conditions in the solid. Most heat capacity measurements 
are performed at constant pressure (actually at the saturated vapor 
pressure of the solid) and usually the correction 
Cp - Cy = p^B^VT (1-16) 
between constant pressure and constant volume specific heats is rel­
atively small. Here, p is the volume thermal expansion coefficient and 
By is the isothermal bulk modulus. The rare gas solids have large ther­
mal expansions with, for instance, the molar volume of neon increasing 
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by 4.5% between 0 K and the triple point (36). The correction to 
thus becomes quite large at high temperatures for these solids, 
Cp/C^ = 1.53 at 24 K for neon. Since accurate thermal expansions exist 
for these solids (36,45-49), the accuracy of the C^-Cy correction is 
determined largely by uncertainties in the bulk modulus. 
It also is important to distinguish between at the molar volume 
corresponding to Cp at temperature T, i.e. C^{\l{P=0, T),T)^and at con­
stant volume, i.e. (where, most usefully, VQ = V(P=0, T=0)). 
For instance, the data from this experiment show that there is an 8% de­
crease in CY at T=24 K for the 4.5% volume change from V(P=0) to VQ. 
One must, therefore, in the case of the RGS make two large corrections 
in order to compare Cp measurements with theoretically calculated 
C^{\IQ,T) results. It is for this reason that direct measurements 
would be valuable for all RGS. 
These direct measurements have been performed on relatively few 
solids, notably helium (50) where pressure must be applied to produce a 
solid anyway, hydrogen (51), and recently argon at one molar volume from 
55 to 120 K (52). The results reported here represent the first direct 
Cy measurements on solid neon. 
An alternative to direct measurements would involve the deter­
mination of the frequency distribution by coherent inelastic neutron 
scattering, both as a function of temperature and volume. Such measure­
ments have been made on neon at 4.2 and 25 K for two densities (53) but 
the precision of these measurements is not sufficient to obtain a well-
defined temperature and volume dependent density of states. 
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Only two heat capacity experiments on solid neon (except for 
measurements on the isotopes (54)) have been reported, both at constant 
pressure. They are by Fagerstroem and Mollis Hallett, hereafter FH, 
(55) and Fenichel and Serin, FS, (56). There is some apparent disagree­
ment above 8 K between the measurements of FH and FS, although the differ­
ence lies very near the sum of their estimated errors. These data are 
summarized in Reference 36 which also lists a 10% uncertainty in the 
calculated value of Cy(V,T) from these data at 20 K, chiefly due to 
uncertainties in B^. Furthermore, the 0Q(T) VS T plot representing the 
FS data shows unusual oscillations above 5 K. Thus, the high precision 
constant volume heat capacity measurements reported here are believed 
to represent a significant contribution, and the true constant volume re­
sults permit meaningful comparisons with theory. However, more import­
antly, the heat capacities were measured at four different molar volumes 
(representing a volume change of 7%) to yield a rather complete thermody­
namic description of solid neon. The volume dependence of 8^ for instance 
can be related to an average of the pressure dependences of the elastic 
constants and hence gives an indication of the volume dependence of the 
potential. 
The measurement of the volume dependence of also can give equation 
of state data. The equation of state can be written as 
P(V,T) = Pq(V) + P*(V,T) (1-17) 
where P^(\/) is the equation of state at absolute zero and P (V,T) is the 
thermal pressure which vanishes at T = 0 K. P (V,T) can be evaluated from 
16 
the volume dependence of the entropy by using the relation 
(#); "T (1-18) 
where 
T C,, 
S (V,T) = ^ dT. (1-19) 
The value of P(V,T) is known along the melting line so that P^fV) can be 
evaluated by determining P (V,T) as outlined above. The change in the 
internal energy U(V,T) - U(V,0) = U"{\I,J) is calculated from 
J  
=  J  C dT, (1-20) 
0 
and Is useful in evaluating the relationship 
U" ( 1 - 2 1 )  
where 7^ is a Gruneisen parameter and is generally expected to be de­
pendent on both volume and temperature. 
The thermal expansion coefficient is, for most solids, proportional 
to the specific heat. The Gruneisen relation expresses this fact as 
7 C 
where 7 is the macroscopic or thermodynamic Gruneisen parameter. This 
7 may also be discussed in terms of microscopic Gruneisen parameters 7^, 
which can be defined for each mode of lattice vibration as 
din to. 
din y '  (1-23) 
whprp m i the freauencv of the mode of vibration. It then follows 
J ' 
(57)  that 7 is related to the microscopic mode 7 's by an average over the 
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norma] modes 
7 = 2  7 » C . / S  C .  ( 1 - 2 4 ^  
j  j  J 
where is the contribution of the mode to C^. Thus, a measurement 
of the volume dependence of also provides information concerning the 
volume dependence of the 's as exhibited in variations of 7. Thus, 7 
is expected to be a function of V and also experimentally varies slowly 
with temperature. 
In the Debye theory, where can be represented as a function of 
T/Gg only, 7 is volume dependent only and reduces to 
din 9 
The temperature dependence of 7 arises in the more general theory because 
7 (Equation 1-24) is a weighted average of the volume dependences y. of 
the normal mode frequencies . There is no reason to expect that the 
7j's will be the same for all modes. 
The change of with volume can be explained largely by a syste­
matic scaling of the density of states curve with volume as (or 
varies. However, there also can be small changes in the shape of the 
frequency distribution D((u) because higher energy modes may be affected 
by volume changes in a different manner from low energy modes, i.e. 
different coJs have different 7.'s. The first of these effects should 
disappear by plotting C^(V) versus T/0Q(\/). The second will appear as 
systematic variations with volume in the shape of the resulting C^(\/fT/9^) 
curves, or more sensitively as variations with volume in a plot of 
6[J/0Q versus T/G^# If the data are sufficiently precise , one 
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hopes to obtain a description of the explicit temperature dependence of 
7 (Equations 1-22, 1-24). 
The ideas presented in this Introduction are not intended to be 
comprehensive nor complete. Indeed, in the past decade many hundreds of 
articles have appeared in the literature concerning the RGS, and the 
reader is referred to the review articles (1-5) as a starting point for 
more detailed information. Explicit comparison with theory and other 
experimental work will be given in a discussion of the results. In sum­
mary, there is a need for direct measurements on solid neon in light 
of the large corrections necessary to compare Cp results with theory. 
Moreover, volume-dependent results can yield valuable information about 
the elastic properties at 0 K, the equation of state, and an indication 
of the variations of D((u) with volume through the volume and temperature 
dependence of as manifested in the temperature dependence of 7. 
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CHAPTER II, EXPERIMENTAL APPARATUS 
The normal problems encountered in low temperature specific heat 
measurements are complicated here by the need to keep the samples at nearly 
constant volume for all temperatures. It therefore is necessary to solidify 
the samples under pressure at the melting line in a relatively rigid vessel. 
The pressure exerted by the solid neon will decrease as the temperature is 
lowered, and the resulting changes in the vessel volume should be small 
when compared with the thermal expansion of neon. As will be shown below, 
these conditions are satisfied in this experiment by the use of a vessel 
(the "calorimeter" or "bomb") which is made from hardened beryllium-copper. 
Other components of the apparatus include a high pressure gas compression 
system which is connected to the bomb through a stainless steel capillary, 
a cryostat system which is capable of cooling the neon sample to 1 K, 
standard volumes to recover the neon gas from the sample and to measure its 
mass, and an array of electronics to monitor temperatures and heater power 
during the heat capacity measurements. These separate components will be 
described In detail In the following sections. 
Dewar and Cryostat 
General features 
Figure 1 shows the overall arrangement of the low temperature cryostat. 
The all metal system has three demountable heat shields which are attached, 
respectively, below the liquid nitrogen dewar, to the liquid helium 
reservoir, and to the helium pot. This type of system was chosen (as 
opposed to a set of glass dewars with drop-In cryostat) because (1) it 
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affords more personnel protection in the event of a high pressure gas ex­
plosion of the bomb and (2) the bomb and associated wiring never move once 
they are installed since the dewars are assembled from the bottom upwards. 
The latter feature is a distinct advantage since the bomb is suspended 
only by its fragile fil l ing capillary and such an arrangement is not well 
suited to being carried across a room and lowered into a dewar. 
As Figure 1 shows, there are three distinct regions in the system: 
(1 ) the eight l iter liquid nitrogen dewar and associated 77 K copper heat 
shield, (2) the two liter liquid helium reservoir, 4 K shield, and pumping 
lines, and (3) the sample chamber consisting of the 100 cm liquid helium 
pot, 1 K copper shield, and the high pressure calorimeter. The entire 
system is surrounded by a demountable stainless steel vacuum jacket. There 
are three separate vacuum spaces. The vacuum space which surrounds the 
liquid nitrogen dewar and k K regions is evacuated initially by a mechani­
cal pump and then is sealed-off once liquid helium is transferred. A 
second vacuum space surrounds the sample chamber inside the 4 K shield. 
Helium exchange gas is introduced Into this space during the cool down and 
sample solidification process to cool the sample chamber to 4 K. This 
space is pumped with an oil diffusion pump and liquid nitrogen cold trap 
by means of a line through the liquid nitrogen dewar. The third vacuum 
3 
space is inside the sample chamber beneath the 100 cm pot and surrounds 
the calorimeter (which contains the neon sample). This space is pumped 
continuously with an ion pump which is mounted on top of the cryostat. An 
Ovr"»! tant tm l C rto <4 i  ^  A c ^ rwrs 1 4»^ fia 1 
isolation of the sample, and the ion pump prevents condensation at low 
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temperatures of adsorbed gases which are released at room temperature. 
A large pumping line a?so runs into the 100 cm^ pot so that the 
liquid helium can be "pumped down" to 1 K. The bomb is suspended in the 
sample chamber by the stainless steel f i l l capillary which is brought down 
through the cryostat in a vacuum jacket. As is explained in a later 
section, this vacuum jacket is necessary to keep the f i l l capillary ther­
mally insulated from the 4 K liquid helium in the reservoir while the 
sample is solidified at temperatures as high as 50 K. The discussions be­
low explain the construction of the cryostat in more detail. 
Construction detaiIs 
The liquid nitrogen dewar is made from two cylindrical tubes which are 
held concentric by brass end plates. The 8 in. diam. outer tube is made 
from brass, while the 4 in. diam. inner tube is made from copper. The 
demountable copper shield is threaded into the bottom of the dewar with 
the male thread on the shield made from copper and the female thread on 
the dewar made from brass so that thermal contact between the dewar and 
shield improves due to differential thermal contraction at lower tempera­
tures. The entire nitrogen dewar is suspended from the brass top plate 
by three 1/2 in. diam. 6 in. long heavy wall stainless steel tubes through 
which the dewar is vented and fil led. Both the dewar and copper heat 
shield are wrapped with seven layers of aluminized mylar ("super-insula­
tion") to minimize heat transfer by radiation. The evaporation rate is 
approximately 300 cm^/hour so the dewar needs fi l l ing only once every 24 
hours. Under normal operating conditions, the temperature gradient across 
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the threaded joint at the shield is 1.5 K (as determined by differential 
thermocouples) with an additional 4.5 K temperature difference between the 
top and bottom of the shield. 
The two l iter helium reservoir (Figure 1) consists of a brass pot 
6 in» diam. and 4 in. long which is silver-soldered onto a 3 in. diam« 
0.020 in. wall stainless steel tube which in turn is sealed to the brass 
top plate with an "0" ring flange. The reservoir thus is demountable, to 
give access to pumping lines and electrical leads. The pumping lines are 
soldered to a brass insert which is sealed into the bottom of the helium 
reservoir by means of an indium gasket. The pumping lines and leads pass 
through rubber "0" ring seals in the upper-most top plate so that their 
length is adjustable, enabling the indium gasket at the bottom of the 
helium reservoir to be pulled up tight. The 4 K copper shield is attached 
in exactly the same manner as is the 77 K shield on the nitrogen reservoir 
except that a vacuum seal is formed where the shield joins the bottom of 
the reservoir. As is mentioned above, the vacuum space inside the 4 K 
shield is separate from the nitrogen dewar vacuum so that helium exchange 
gas can be introduced around the sample chamber to promote cooling of the 
sample. The seal is made by putting silicone vacuum grease on the threads 
and the top surface of the shield where it "bottoms out" against the 
reservoir. This technique has worked extremely well and no problems have 
been encountered with leaks at this seal. A preliminary check with 
differential thermocouples showed that at 4 K the total temperature gradient 
rI urn the bottom of the helium reservoir to the Bottom or the copper shield 
is less than 0.1 K. The pumping line to this vacuum space passes through 
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Lhe nitrogen dewar and helium reservoir, with a long curved stainless 
steel pumping tube (not shown in Figure 1) used between the nitrogen dewar 
and the helium reservoir to reduce heat flow between 77 and k K« The 3 in. 
stainless steel neck of the helium reservoir is anchored to the inside 
copper tube of the nitrogen dewar so that heat leak down the neck from room 
temperature is absorbed at 77 K rather than in the helium reservoir. 
The helium reservoir and the 4 K shield are covered with about ten 
layers of aluminized mylar. There also are four 1/16 in. thick circular 
copper disks soldered to the pumping lines which serve as radiation baffles 
to decrease the evaporation rate of liquid helium in the reservoir. The 
3 
average evaporation rate is about 100 cm /hour, with the rate depending 
on the temperature of the sample chamber. When the sample chamber is at 
3 1 K, for instance, the evaporation rate is as low as 60 cm /hour but when 
3 it is at 50 K the rate is about 1$0 cm /hour. Under "average" conditions 
about 4 liquid liters of helium are consumed in one day including that 
which is lost in transferring liquid from a storage dewar. 
3 The sample chamber consists of a 100 cm liquid helium pot which is 
machined from a solid block of copper, and a copper radiation and vacuum 
shi ;ld which is bolted to the bottom of the pot. An indium gasket forms a 
vacuum seal between the pot and the copper shield. The sample chamber is 
suspended from three 1/4 in. diam. stainless steel tubes and the mechanical 
heat switch capillary. The three 1/4 in. lines are in turn used for pumping 
on the pot to reach 1 K, for pumping on the sample chamber vacuum space 
oiiu for use as a vacuum jacket Tor tne nil capillary going to the bomb. 
The pot pumping line terminates inside the 100 cm^ pot in a 0.020 in. diam. 
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orifice which is made from a thin piece of brass. This small orifice is 
necessary to reduce the film flow of the liquid helium once it is pumped 
into the superflu!d phase below 2.17 K. The pumping line diameter is 
increased above 4 K and is 1 in. diam. where it emerges from the top plate. 
It then goes into a 2 in. diam. line and on through 4 in. diam. lines to a 
150 cfm Stokes pump some 50 ft. away. In operation, the pot is fil led with 
liquid helium by condensation. A 5 ps{ overpressure is put in the pumping 
line so that the gas condenses and drips into the pot through the orifice. 
The helium gas is obtained from a known storage volume so that the amount 
of liquid condensed can be determined by measuring the pressure drop in the 
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volume. The normal loss rate of liquid in the pot is about I cm /hour 
thus giving a running time of about 40 hours. 
The sample chamber vacuum is pumped continuously with an ion pump 
(Ul tek model 202-0800) which is mounted on the top plate of the cryostat. 
This insures that any outgassing near room temperature never reaches the 
calorimeter. The pump current also gives a constant monitor of the vacuum 
level in the sample chamber. The pressure in the pump at room temperature 
"8 "7 
normally is 10 to 10 torr. Figure 1 also shows that the electrical 
leads are brought out of the sample chamber up this pumping line and 
through a nylon-epoxy feed-through (58) into the liquid helium reservoir 
and then up the reservoir neck and out the top plate through another nylon-
epoxy feed-through. 
The f i l l capillary vacuum jacket is a 1/4 in. stainless tube which 
passes straignt into the sample chamber from 1 uom Lcmparat^rc. N'c radia­
tion traps were put in this line since it is necessary to keep the fi l l 
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capillary from touching the walls of the vacuum jacket, especially where 
it passes through liquid helium. The capillary must be kept warm (as high 
as 50 K) during sample growth so that the neon will not solidify and cause 
a block. To further insure that the capillary remains "open", a piece of 
manganin heater wire is attached to the capillary with GE-7031 varnish 
and the capillary is held away from the vacuum jacket with triangular-
shaped nylon spacers which are glued to the capillary at about 6 in. 
i ntervals. 
Figure 2 shows in more detail the construction and arrangement of the 
sample chamber with the 1 K copper shield removed. In the discussions be­
low, the word "shield" often will be used to refer to the entire assembly 
3 
consisting of the 100 cm pot, thermal anchors, copper support post, 
mechanical heat switch, and the copper shield, since all of these parts 
are isothermal. The bomb is suspended by the fi l l capillary which emerges 
from the 1/4 in. stainless vacuum jacket through a brass plug. The plug 
is soft-soldered to the capillary and soldered with Wood's metal onto the 
1/4 in. tube. The 100 manganin "plug heater" (Figure 2) is wound onto 
the brass plug and is used to keep the capillary from blocking at the point 
where it passes through the plug. The bomb is stabilized and kept from 
swinging by nylon threads which are tied above and below the bomb (Figure 
2 ) .  
Figure 2 shows the location of three heaters on the bomb which are 
designated Hi, H2, and H3« The heaters are connected in series with current 
ani4 nrnfenflal 1 parle; at parh iimrfinn Qn thai" each heater can be USed 
separately. Heaters H2 and H3 were added to the bomb after initial heat 
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capacity measurements indicated that the location of Hi at the top of the 
bomb was not suitable for rapid thermal equilibrium in the neon sample. 
This problem was solved by using H3 which is wound directly on the copper 
heat switch wire (Figures 1 and 2). This wire in turn is soldered to four 
copper vanes inside the bomb to provide a good thermal path from H3 to 
the sample. Initial experiments which used the heat switch to supply heat 
to the copper vanes indicated that the ideal method for heating the sample 
was to supply 80% of the heat at the copper vanes and 20% at the location 
of heater Hi. Hence heater H2 was wound on top of Hi and was meant to be 
used in series with H3. This arrangement was never used, however, since 
the use of H3 alone gave the shortest relaxation times. Apparently the 
heat supplied by the heat switch to the copper wire was estimated in­
correctly. 
Hi is located at the top of the bomb around the threaded lid parts 
area which extends beyond the sample. This heater is used during sample 
solidification to keep the capillary open. It is wound with approximately 
1200 Q of 0.002 in. diam. Pt-8%V wire (supplied by Sigmund Cohn Corp., 
Mount Vernon, New York) onto a piece of nylon stocking and is held in place 
with GE-7031 varnish. The resistivity of the Pt-8%W alloy increases only 
0.24% from 1 to 20 K and only 1% from 1 to 50 K, so it is ideal for heater 
wire. It also has a very low thermal conductivity (about an order of 
magnitude less than that of manganin) and it therefore also makes good 
leads for connecting the heaters and thermometer on the bomb to the thermal 
anchors on the shield. 
H2 and H3 are 130 ,Q and 550 f) respectively and are wound from 0.001 in. 
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diam. Pt-8%W wire and are held in place with GE-7031. H2 and H3 are 
connected by a short length of No. 32 copper wire not shown in Figure 2. 
A schematic diagram and discussion of the heater connections is given in 
a later section. All leads from the bomb are 5 cm long and are of 0.002 
in. diam. Pt-8%W wire. 
The germanium thermometer (Cryo-Cal S/N GR638) is attached to the 
calorimeter by insertion in a tightly rolled copper foil which is indium-
soldered to the bomb. Silicone grease is used to increase the thermal con­
tact and the outside foil is tied with a nylon thread. The thermometer 
leads are thermally anchored to the bomb by spot-epoxying (Armstrong epoxy 
A-6 with activator E) two turns of No. 32 copper wire around the central 
portion of the bomb (see Figure 2). Continuous epoxying was not used due 
to the relatively large tangential strains to which the outside surface of 
the bomb is subjected while under pressure. 
The mechanical heat switch is identical to that used by H. H. Sample 
(50,59)" The switch consists of two gold-plated copper jaws the lower of 
which is hinged permitting the jaws to open and close. The lower jaw is 
connected to a 0.020 in. diam. stainless steel wire which can be moved 
vertically through a stainless steel capillary by turning a screw at room 
temperature. The operation is similar to that of a hand operated bicycle 
brake cable. 
A 100 Qmanganin wire heater, designated the "shield" heater (Figure 
2), is used to control the temperature of the shield above 4 K. There are 
two t-hftrmnmpte'-? anchored to the ch:cld—cr.c c gcr,-ar.;i;m ther.TiOûieter 
(GR481) and the other a platinum resistance thermometer which has a room 
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temperature resistance of approximately 109 These thermometers are 
used to monitor the temperature of the shield during sample growth and 
while taking data. 
Thermal anchors are used for all leads coming into the sample chamber 
to insure that heat carried from the helium reservoir at 4 K is shorted 
to the shield before reaching heaters or thermometers. These thermal 
anchors consist of copper strips 0.015 in. thick, 0.125 in. wide and 1.0 
in. long which are epoxied (Armstrong epoxy A-6) onto a piece of nylon 
stocking which is in turn epoxied to cylindrical copper blocks soldered to 
the bottom of the 100 cm^ pot. The layers of epoxy are kept thin by 
tightly wrapping a wire around the strips to squeeze out any excess 
adhesive. The outside surface of the strips also is covered with epoxy. 
High Pressure Calorimeter 
The high pressure calorimeter is constructed from beryllium copper 
(Berylco-25, 1/2 hard). Beryllium copper has several advantageous pro­
perties for low temperature high pressure vessels. It does not become 
brittle (as do some steels) at low temperatures. The electronic contri­
bution to the specific heat below 4 K is not unreasonably large as is the 
case with transition elements. Furthermore, it is relatively easy to 
machine as received from the factory, but it is readily heat treated at 
600 F for 2 hours to produce a precipitation-hardened state of maximum 
mechanical properties (yield strength of nearly 200,000 psi below 77 K). 
Other materials, such as the new cryogenic aluminum and titanium alloys, 
were considered but their poorer mechanical properties and much less con­
venient fabrication qualities (cannot solder to them) made them less 
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favorable than beryllium copper. A seemingly ideal material would be 
single crystal corrundum (synthetic sapphire or a-AlgO^) which has a very 
low lattice heat capacity, very high tensile strength, and very good ther­
mal conductivity. However, this material is virtually impossible to 
fabricate into a closed vessel which must be fi l led with high pressure 
gas through a 0.010 in. capillary tube. 
The bomb is designed to have a minimum mass-to-volume ratio so that 
the heat capacity of the bomb is a small fraction of the heat capacity of 
the neon. Figure 3 shows a scale drawing of the final design. The shell, 
l id, retaining ring and hold-down nut all are made from Beryl'co-25, and 
the fins and post for thermal contact to the sample are made from high 
purity copper. The copper fins are silver-soldered to slots cut in the 
post and the post is indium-soldered into a hole in the bottom of the 
bomb. The f i l l capillary (0.018 in. O.D. x 0.010 in. i.D. ) is first 
silver-soldered to a Be-Ca disk which then is indium-soldered to the 
bottom of the lid. The f i l l capillary also is fil led with a 0.009 in. 
O.D. stainless steel wire in order to reduce the amount of solid neon in 
the capillary and thus to reduce dead volume effects and heat leak between 
the bomb and shield. 
No Be-Cu parts of the bomb are silver-soldered together since this 
was found to be very detrimental to the mechanical properties (Rockwell 
hardness dropped from C43 to C27). Instead, the open end of the bomb is 
closed using an unsupported-area Bridgman-type seal (60) with indium as a 
sealing material. Extrusion of the indium is preventea oy tnree trianguiar-
shaped brass extrusion rings. This gasket is set under pressure by the 
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action of a hold-down nut which is drawn tight onto a Be-Cu retaining 
ring as shown in Figure 3» The main feature of the unsupported area seal 
is, of course, that the internal pressure in the sealing gasket (indium in 
this case) is always greater than the internal pressure of the vessel by 
the ratio of the area of the lid being acted upon by the pressure to the 
area of the seal material. It is therefore in principle nearly impossible 
for this type of seal to leak, once set initially, and the maximum pressure 
attainable is restricted only by the bursting point of the bomb. The 
bottom is made hemispherical to prevent brittle fracture at square corners 
where high stresses occur. The design shown in Figure 3 was not the first 
tried, but it was the end result of a long development project in which 
eleven different designs were tested. 
The volume of the bomb was determined by measuring the difference in 
weight when empty and when fil led with distilled water. When corrected 
for thermal expansion to 0 K the volume was found to be 2.902 + 0.002 cm^ 
at an internal pressure of 1 bar. 
In the ideal constant volume experiment the internal volume of the 
bomb would not change with pressure. However, this cannot be achieved 
even for infinitely thick walls and thus it is important to know the 
volume change of the bomb as a function of pressure. Accordingly, this 
effect was experimentally measured in the following way. The bomb was 
placed in a large water-filled glass test tube. A brass stopper with a 
long section of 1 mm I.D. glass capillary attached to it then was sealed 
to tl' ic yîâiâ LcaL Lube to form a pycnometer. Care was taken to exclude 
all air from the test tube so that it was completely fil led with water to 
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the extent that water stood high In the glass capillary. The test tube 
then was placed in an ice bath and allowed to come into equilibrium. The 
water level in the glass capillary was a few centimeters above the test 
tube at this point. The height of the water in the capillary then was 
observed as a function of pressure in the bomb, the volume expansion of 
the bomb causing water to rise in the capillary. The bomb was pressurized 
to 2500 bars and then slowly bled back to zero pressure, the water height 
being observed as the pressure was released. The results of this experi­
ment are shown in Figure 4. The important features to note are that the 
change in volume (internal volume changes are assumed equal to the 
measured volume changes) is linear with pressure with very little hysteresis, 
and that it is a fairly large effect, it thus appears that the bomb is 
expanding elastically below 25OO bars. However, it must be near the limit 
of exploding at 2500 bars since the bomb built previously to the one used 
had an 0.D. to I.D. ratio of 1.23 and burst at 2620 bars; the present bomb 
has an 0. D. to I.D. ratio of only I.25. 
High Pressure System 
Figure 5 shows the basic components of the high pressure system. The 
gas-oil separator is a commercial unit built by Autoclave Engineers, Inc., 
Erie, Pa. It is 6 in. O.D., has a 2 in. I.D. bore, a 37 in. stroke and 
is rated at a working pressure of 60,000 psi (4 kbar). The cylinder is 
made of 4340 carbon steel and the end closures employ rubber "0" rings for 
seals. The piston is made from brass and slides against the cylinder wall 
on two rubber "0" rings with leather back-up packing. The force required 
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to move the piston Is approximately 50 lb (15 psi) so that for our pur­
poses a gauge located in the oil line should give the gas pressure with 
sufficient accuracy. This procedure also reduces the dead volume in the 
gas side. The oil used is Mobil l ight-weight diesel turbine engine oil 
(DTE-light) which has a vapor pressure of 10 ^ mm Hg, and contains no 
detergent additives. An air driven reciprocating oil pump (Southern 
California Hydraulic model 10-600-40, rated at 0-70,000 psi output pres­
sure) is used to pressurize the oil side of the separator. Oil is supplied 
to the pump from a storage reservoir after it passes through an automotive-
type oil filter. The pump is driven by 90 psi shop air into which a small 
amount of oil is injected to supply lubrication for moving parts of the 
pump. 
All high pressure valves in the system are standard 1/4 in. cone 
connection non-rotating stem needle valves supplied by High Pressure 
Equipment Company, Erie, Pa. The four valves in the gas system, the inlet, 
separator, bomb, and recovery valves (see Figure 5), all have copper wires 
in the dead spaces above and below the stem to keep the dead volume to a 
minimum. The plumbing on the oil side of the separator consists entirely 
of 1/4 in. 0.D. X 1/16 in. i.D. high pressure stainless steel tubing. This 
same tubing, fi l led with 0.060 in. stainless steel wire, connects the gas 
side of the separator from the top of the piston altimeter to the separator 
and inlet valves. All high pressure tubing cones were cut on a lathe to 
produce a smooth finish and hence to insure leak-tight joints. 
Connect!OPS out of the ccpcrctcr vcl vc tc the bcmb ar.d racovery sysLe.u 
are made with 26 gauge stainless steel hypodermic tubing. The hypodermic 
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tubing is silver-soldered into the end of a short piece of 1/4 in. high 
pressure tubing which was swaged down so that the i.D. would just accept 
the 0.018 in. 0.D. of the hypodermic tubing. The short piece of 1/4 in. 
tubing is coned and threaded so that it can be connected to either valves 
or tees. The hypodermic tubing also passes through a liquid nitrogen 
cold trap to remove any condensable impurities. The small network ahead 
of the inlet valve is made of 1/4 in. x 1/16 in. high pressure tubing silver-
soldered into copper tees. The valves are Hoke model 4171M4B which have been 
helium leak tested. 
It is very important to know exactly where the piston is in the 
separator, especially as it nears the top. When the piston reaches the 
top end of the separator, a continued increase in oil pressure would pro­
duce a pressure gradient across the "0" ring seals on the piston causing 
oil to be forced into the gas side of the system. The height of the oil 
in the supply reservoir can be used as a rough indication of piston height 
in the separator. However, as the pressure increases the oil is compressed 
so that a known volume out of the reservoir is reduced by an unknown amount 
in the separator under pressure. Consequently a device designated as the 
"piston altimeter" is used to observe the last 1.5 in. of piston travel 
in the separator. Figure 6 shows the details of its construction, and the 
operation is as follows. When the piston is low in the separator, the soft 
iron drill rod rests against the end closure of the separator with the 
stainless steel push rod extending 1.5 in. below the bottom of the closure. 
In this confiquration the small permanent magnet atop the iron rnrl arfuatAs 
the lowest magnetic reed switch which turns on a 6V pilot lamp. The iron 
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rod also rests low enough in the field of the linear variable differential 
transformer (LVDT) coils so that the output of the secondary is low. The 
LVDT is supplied with a 6V 60 cps signal at the primary winding and the 
secondary output is fed to a simple one transistor amplifier, is rectified 
and displayed on a 3 in. panel meter. When the iron rod is all the way 
down, the meter reads near zero. As the piston moves up it picks up the 
stainless push rod and moves the iron rod and magnet upward inside the 
6 in. long section of high pressure tubing. When the rod has moved a few 
millimeters the lowest reed switch opens and the first light goes out. 
This, then, is a clearly-defined event indicating that the piston is 1.5 
in. from the end of its travel. When the piston has reached 0.5 in. from 
the top the second reed switch is activated, turning on a second light. 
In addition the output of the LVDT has increased linearly during the 1 in. 
of travel of the piston and the output meter reads approximately 2/3 full 
scale. The second light remains on during the last 1/2 inch of travel. 
When the piston is 1 mm from the end closure the top reed switch closes 
turning on a third light. The LVDT output meter is full scale. As the 
piston is lowered the magnet and iron rod are lowered in the high pressure 
tubing until they rest against the end closure once again. 
The procedure for loading the separator and pumping up the bomb is 
almost obvious. The entire gas system first is evacuated with the piston 
at the top of the separator, and the system is flushed several times with 
neon gas. The separator is loaded by letting neon in at about 100 psi, 
forcing the piston to the bottom, itie DomD also is pressurizea at tnis 
initial pressure (i.e. the separator and bomb valves are open). With the 
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separator charged, the inlet valve is closed and the separator pumped up, 
while observing the pressure on the 40,000 psi Heise gauge. More details 
will be presented in the section covering sample growth. 
Gas Recovery System 
Figure 7 is a schematic diagram of the glass system used to recover 
the neon gas and to measure the number of moles in the solid sample. It 
thus is possible to calculate the molar volume since the bomb volume at 1 
bar and 0 K is known. The recovery system is located about 10 feet from 
the cryostat and is rigidly attached to a wall. A piece of 1/16 in. I.D. 
soft copper tubing is used to connect the recovery system to the recovery 
valve in the high pressure system. Figure 5. The recovery system consists 
of a glass mercury manometer with 1 in. diam. columns, two standard volumes 
immersed in a constant temperature water bath, a glass mercury diffusion 
pump and associated liquid nitrogen cold trap, a mechanical roughing pump, 
and appropriate valves and connecting glass tubes. The manometer is backed 
with a small air-cooled diffusion pump. All valves in the system are k mm 
Teflon stem needle valves (Fischer Porter No. 795-609-004). 
The two standard volumes consist of a 5000 ml and a 500 ml round 
bottom flask with their normally wide necks closed off and the needle valves 
blown into them. The volumes were determined by weighing the amount of 
water necessary to fi l l them up to the stem of the needle valve. The large 
standard volume is 5194.36 + 0.02 cm^ at 25.0 C, white the small volume is 
488.57 + 0.02 cm at 25.0 C. The standard volumes are bolted to lead bricks 
to keep them submerged in the water bath. The water bath is a Precision 
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Scientific Co. Model No. 66548 and the temperature control unit is a 
Precision Scientific Co. Model No. C31236. The water bath is stirred by 
a motor-driven propeller» It is possible to regulate the water tempera­
ture to within + 2 millidegrees Centigrade by cutting the power to the 
water heaters with a rheostat. Moreover, the temperature, as measured by 
a platinum resistance thermometer probe, is uniform within this limit 
throughout the bath. 
The water temperature is measured by means of a small platinum resis­
tance thermometer (Minco model No. S1059) which has a 25°C resistance of 
109 . Since the absolute temperature is needed to evaluate the number 
of moles, n, when using the ideal gas equation PV=nRT, the Minco thermometer 
was calibrated against a 25 Q Leeds and Northrup model No. 8163 platinum 
resistance thermometer which has been calibrated at the National Bureau of 
Standards. The calibration of the Minco thermometer was found to obey the 
1inear relationship 
T (degrees C) = -252 . 8056 + 2.53 3 22? X R( ,Q)C (2-1) 
This relation gives the measured value of T to within + 1 nfc in the 
temperature interval 24.2 < T < 26.0''c. 
The number of moles of gas in the sample is determined by recovering 
the gas in the standard volumes and measuring the pressure and temperature 
at which the gas is stored. The equation of state of the gas can be 
wri tten 
ru = nhi  i i - i -Dr- t -ur  -r u r  - r  , . .  j  
P P  P  
where B, C, D, «.. are the virial coefficients. For neon at 25 C and 
P P P 
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in the pressure range 1 to 75 m  Hg, B  is 5.4.10 (m Hg) and C is 
P 
5. 0 X 1 0 (m Hg) (61). Hence at 700 mm Hg the equation of state of r 7  
neon differs from an ideal gas by only 0.03% and non-ideality is neglected 
in calculating n. The volume of the system must include the volume in the 
lines and manometer and this was determined as a function of mercury 
height in the manometer by fi l l ing the 500 ml standard with a known 
pressure and letting it expand into the initially evacuated rest of the 
system. Tiie final result is 
Thermometer ci roui t 
Figure 8 is a block diagram of the direct-current four lead potentio-
metric method which we used to measure the resistance of germanium re­
sistance thermometer GR638 on the bomb and the platinum resistance thermom­
eter on the shield. The resistance is obtained by comparing for a fixed 
current the voltage drop across the unknown resistance with the voltage 
drop across one of a number of Leeds and Northrup NBS type standard 
resistors (serial numbers 1765097, 10 1770614, 100 Q; and 1632792, 
100 O). The potentiometer is Guildline Nanopot type 9176 (S/N 26637); 
the null detector is a Keithley model 15OAR (S/N 23775); and the strip 
chart recorder is a Hewlett Packard model 7100BR (S/N 844-03916) with a 
X 
model I75OIA plug-in (S/N 811-03029). Circuit ground is at the low side 
^dead ~ 323.8 + 0.1916* P(mm Hg). (2-3) 
which is to be added to the standard volume when calculating n. 
Electronics 
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of the null detector. The output of the null detector is displayed on 
the red pen of the two pen strip chart recorder so that the temperature 
drift (seen as a change in voltage across the germanium thermometer) can 
be observed as a function of time. The technique of taking data using 
this drift method will be discussed in a later section. 
The circuit for the constant current source for the thermometers and 
standard resistors is shown in Figure 9, with the associated regulated 
+ 15V power supply shown in Figure 10. The constant current circuit 
(Figure 9) consists basically of two Analog Devices type 118 K operational 
amplifiers operating in a negative feedback differential input mode. A 
set of sensing resistors selected by a rotary switch determines the output 
current and provides feedback information to the input of the operational 
amplifier. A voltage divider and a 1.5 V mercury cell provide a reference 
offset voltage and allow for fine adjustment of the output current. A 
6PDT reversing switch Is employed to reverse simultaneously the germanium 
and platinum currents as well as the potentiometer supply current. An 
emitter-follower current amplifier is used after the 118 K in the platinum 
circuit to obtain the 1 and 5 mA currents needed for the platinum thermom­
eter. 
The regulated supply' (Figure 10) employs two operational amplifiers 
for voltage stability and a transistor network for filtering and current 
limiting. An important component of the supply is the power transformer— 
an El cor isoformer model number AX40-100T rated at 40V, 100mA. This 
This supply was designed by Mr. Wayne Rhinehart of the Ames Laboratory 
Electronics Group. 
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transformer is designed to minimize capacitive coupling between primary 
and secondary windings by the use of electrostatic shielding. This type 
of transformer is necessary to eliminate 60 Hz ground loops through the 
transformer» 
The potentiometer power supply is a constant current source employing 
an Analog Devices model 232J chopper-stabilized operational amplifier. 
This supply uses a temperature compensated Zener diode as an input 
reference voltage and the output current drifts approximately 1 ppm per 
day. Since the supply is a constant current source it is impossible to 
standardize the potentiometer except by adjusting the output current. The 
current was set to a value which standardized the potentiometer versus 
a standard cell to within 0.01%. This procedure is quite satisfactory 
since voltage ratios are always used to determine thermometer resistances. 
The thermometer circuit as a whole easily permits the measurement of 
resistances to several parts per million with drift (about 10 ^ per hour) 
in the thermometer current being the largest contributor to this uncer­
tainty. No changes in the thermometer current are detected when the load 
resistance is decreased by an order of magnitude. This virtue is es­
pecially valuable at low temperatures where dR/dT is large for the 
germanium thermometer. 
Bomb heater ci rcui t 
Figure 11 shows the constant current supply and switching arrange­
ment for the three heaters on the bomb. The supply has twenty output 
currents ranging from 1 ufi. to 14.5 mA, and uses a Zener diode for voltage 
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reference. Below 1 mA the output is taken directly from the 118 K opera­
tional amplifier and at currents of 1 mA and above the No. 40389 transistor 
is used as a current amplifier. When the highest currents are desired the 
1000 Q and 100 Q standards are shorted out to reduce the load resistance 
and hence the required output voltage of the supply in order to obtain the 
desired current. The standard resistors in this circuit are General Radio 
type 500-F and are within 0.005% of their stated values (as compared with 
Leeds and Northrup NBS types). 
The power supply to the K-3 potentiometer is reversed simultaneously 
with the output current of the heater supply. The K-3 supply is a Dynage 
Batt-Sub constant voltage supply rated at 2\J and 24.44 mA. A constant 
voltage supply is essential for the K-3 since it must be standardized in 
order that the current in the bomb heaters can be measured absolutely. 
The rest of the heater circuit consists of a series of switches which per­
mit the selection of three heater combinations—Hi alone, H3 alone, or 
H2 and H3 in series. 
This constant current source also is used to measure the resistance 
of the platinum resistance thermometer in the water bath of the gas re­
covery system and so also can be switched to that thermometer circuit. 
The supply is fed to a 1500 Q dummy load when the bomb heaters are "off" 
and is connected to the heaters in the "on" position. A CMC model 225CN 
(S/N 74186) electronic timer is started simultaneously (+ 2 msec error) 
with the heater and is stopped when the heater power is shut off, thus 
giving the time of the heat puise. Finally, an integrating digital volt­
meter (Vidar model 520-01, S/N 2-188) Is used to measure the time integral 
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of the voltage across the bomb heater. This integral, when multiplied 
by the current, gives an independent determination of the heater power. 
Neon Gas 
The neon used for all samples was obtained from Cryogenic Rare Gases, 
Inc., Newark, New Jersey. The following impurities were listed as being 
present prior to purification over titanium: 
nitrogen < 10 ppm 
oxygen < 5 ppm 
argon < 4 ppm 
carbon dioxide < 4 ppm 
helium <10 ppm. 
No diatomics were detected by gas chromatography after purification. The 
following impurities (in atomic percent) were detected by mass spectro­
graph ic analysis in the Ames Laboratory:' 
hydrogen < 0.01 
he 1 i  um-3 none 
he1ium-4 < 0.001 
oxygen < 0.02 
argon < 0.0005 
xenon < 0.0005 
krypton < 0.0001. 
20 
The relative abundance of the neon isotopes was found to be Ne ,91-2; 
21 22 Ne , 0.3; and Ne , 8.5, which should be compared to natural neon (62) 
as 90.9, 0.3, and 8.8, respectively. 
The neon gas for this last analysis was collected from the gas re­
covery system and thus includes impurities that may have been introduced 
by the nigh pressure system, bomb, and the recovery system. None of the 
Vhe author thanks Mr. Gerry Flesch for this analysis. 
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impurities occurs in sufficient abundance to produce significant effects 
in the heat capacity of the neon, except possibly for hydrogen. 
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CHAPTER III. EXPERIMENTAL PROCEDURES 
Q.ual itat îve 
The general experimental technique employed in this experiment is the 
heat pulse method in which the sample is stabilized at some temperature T1 
and then heated for a period of 30 to 60 sec and allowed to stabilize at 
a higher temperature T2. The heat capacity is calculated from C = AQ,/AT 
where AQ is the amount of heat dissipated in the heater during the pulse 
and AT = T2 - T1 is the temperature increase of the sample. The accuracy 
and precision to which AQ. and AT can be measured are primarily dependent 
on the degree of thermal isolation between the sample and its surround­
ings (the sample chamber or shield). Good thermal isolation means firstly 
that all of the measured heat generated by the heater (l^Rt) enters the 
sample and is not partially lost to the shield. Secondly, good thermal 
isolation means that the sample temperature drift rates will be small 
(ideally zero) so that the temperature increment AT can be determined 
very precisely. 
In this experiment, the largest contribution to the total heat leak 
to the sample comes from the stainless steel f i l l capillary and the solid 
neon inside it. The temperature dependence of the thermal conductivity 
of neon (63) is such that it provides more thermal conductance to the 
sample than the stainless capillary from 2 to 8 K. Above 10 K, however, 
the stainless steel provides the majority of the heat leak. The thermal 
resistance of all the Pt-8%W heater and thermometer leads is about 100 
times greater than the thermal resistance of the capillary and solid neon. 
The heat leaks created by imperfect thermal isolation can be reduced 
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by maintaining a zero temperature difference between the sample and its 
surroundings. Such a procedure is difficult to carry out in practice 
since it means warming the massive shield uniformly at the same rate as 
the sample warms during the heat pulse. This ideal adiabatic technique 
is, however, closely approximated in this experiment by holding the 
shield temperature constant at the mean temperature of the heat pulse 
(T1 + T2)/2. The shield thus is warmer than the sample (by AT/2) before 
the pulse and hence the sample is warming (dT/dt > 0), whereas the sample 
is warmer than the shield after the pulse and the sample cools (dT/dt < 0). 
Setting the shield at the mid-point of the heat pulse also makes it 
plausible to assume that half the heat generated in the current leads 
running from the thermal anchors to the sample flows into the sample and 
half flows into the thermal anchors, in the calculation of the heat de-
2 livered (I Rt) this is automatically taken into account by connecting one 
heater potential lead at the thermal anchors and one at the sample. The 
current leads are cut to exactly the same length so that one of them is 
considered part of the heater. 
Thermometry 
One of the most important aspects of a low temperature heat capacity 
experiment is the measurement of the absolute temperature and the nec­
essarily small temperature differences which arise in the data-taking 
process. The advent of doped germanium resistance thermometers has 
greatly simplified the tasks previously involved in calibrating thermome­
ters for each cool-down from room temperature. The germanium thermometer 
45 
is very stable upon successive cycling to low temperatures and therefore 
needs to be carefully calibrated only once, and occasionally checked at 
liquid helium temperatures by comparison with other thermometers. 
The thermometer used in these measurements (Cryo-Cal S/N GR638) has 
been calibrated against a new paramagnetic salt temperature scale (64,65) 
(referred to as T^) which is based on the NBS-1955 platinum resistance 
thermometer scale above 18 K. The new temperature scale has been devel­
oped in this laboratory and it differs from the liquid helium vapor pres­
sure scales Tgg (66) almost linearly in temperature up to 4 K with a max­
imum deviation T., - T^o = 6,7 mK at 4.2 K. T.. agrees with the NBS Acous-M po M 
tic scale (67) to within + 0.03% from 2.2 to 19 K and has a maximum de­
viation of 5 mK. The reader is referred to references above cited for a 
detailed discussion of the differences in these temperature scales. 
The magnetic temperature scale T^^ was transferred to GR638 by compar­
i s o n  w i t h  s e v e r a l  g e r m a n i u m  r e s i s t a n c e  t h e r m o m e t e r s  w h i c h  h a d  b e e n  c a l i ­
brated against the susceptibility thermometers (Cryo-Cal S/N GR803, GR6I8, 
GR248). All thermometers were thermally anchored to a massive copper 
block, the temperature of which was precisely regulated while the resis­
tance of the thermometers was measured. Such a calibration yields a 
table of resistances and associated temperatures corresponding to the T^^ 
scale as defined by the primary germanium thermometers. In order for the 
calibration to be useful the R vs T values then are fit (using a linear to 
a least squares technique) to a relation of the form 
InT = AO + A1 InR + A2 (InR)^ + A3 (InR)^ + ... . (3-1) 
The resistance-temperature relationship of the thermometer cannot be 
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fît over too wide a range of temperatures using the above relation be­
cause of its complexity and the relation must be broken into several 
ranges. Consequently, GR638 is fit in three ranges; 0.9 to 4.8 K, 
4.8 to 19.4 K, and 19.4 to 67 K, and the results along with the root mean 
square deviations of the actual calibration data are shown in Appendix A. 
There is, unfortunately, a lack of calibration data above 40 K but the fit 
reported in Appendix A gives excellent (+ 20 mK) agreement with the freez­
ing temperatures of solid neon predicted by the published melting line 
(68). 
Addenda Heat Capacity Measurements 
The experimentally measured quantity in this experiment is the com­
bined heat capacities of the solid neon sample and the beryllium-copper 
calorimeter, heaters, thermometer and adhesives (collectively referred to 
as the "addenda"). It thus is necessary to determine separately the heat 
capacity of the addenda so its contribution may be subtracted from the com­
bined heat capacities of the addenda and neon sample to obtain the heat 
capacity of the neon alone. This type of heat capacity experiment is 
ideal since the addenda remain identical from run to run. The neon samples 
are changed by the operation of valves at room temperature and the cryostat 
never need be opened. Hence, any systematic uncertainties that are intro­
duced because of errors in the addenda affect the results of all samples 
equally and thus will not affect the differences in the heat capacities of 
the samples, which are of primary importance in this experiment. 
The addenda heat capacity was measured in several runs before and 
after the neon samples were measured. The calorimeter was evacuated (by 
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pumping at room temperature with an oil diffusion pump for several days) 
before making heat capacity measurements from 1 to 52 K. A 1% systematic 
difference was observed below 2 K depending on whether heater Hi or H3 was 
used. The results for Hi were disregarded since all neon sample measure­
ments were performed using H3. 
Neon Sample Solidification 
There are two distinct methods which could be used for solidifying 
samples; these involve either a constant volume or a constant pressure 
process. Figure 12 il lustrates the difference in the two methods. 
In the solidification at constant volume, the fi l l capillary is 
blocked by solid neon with the bomb full of fluid and the sample follows a 
path along the melting curve from T^, to T^, during the solidifi­
cation process. In the constant pressure technique the neon in the fi l l 
capillary is kept fluid and hence the freezing pressure can be maintained 
constant during solidification; that is, more fluid neon is added to the 
bomb as the sample freezes. This also means that the sample must be sol­
idified from the bottom so that solid neon does not prematurely block the 
fi l l capillary. In our experiment this is accomplished by heating the top 
of the bomb and cooling the bottom via the mechanical heat switch (Figures 
1 and 2). 
There are, therefore, experimental inconveniences involved in the 
constant pressure solidification due to the need to keep the capillary 
open and to maintain a temperature gradient on the bomb during freezing. 
However, these problems are not nearly so great as the main one created 
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by a constant volume solidification -- the very high initial pressures 
needed to obtain the same molar volume (or value of P^, Figure 12) at 
which a constant pressure sample is frozen. Very high pressures necessi­
tate a heavy-walledj massive bomb which in turn reduces the precision of 
the specific heat data. Accordingly, all samples in this experiment 
are solidified at constant pressure, along the lower line in Figure 12. 
Dead Volume Effects and Sample Mass Determination 
It is necessary to know the exact amount of neon in the bomb so that 
a specific heat (heat capacity per mole) can be calculated. However, there 
is solid neon in the capillary above the bomb and gaseous neon in the cap­
illary and high pressure valve near room temperature. When the gas from 
the sample in the bomb is recovered, all of the gas in the dead volume 
spaces is included in the mass determination, and so must be accounted 
for. This is done during the warm up procedure as follows. 
After all of the data are taken on a sample, the bomb and shield are 
cooled to 4 K and the mechanical heat switch is opened to isolate the 
sample. The capillary above the top of the sample chamber then is warmed 
up using the heater attached to it. The gas is recovered in the dead 
volume spaces of the manometer system, i.e. the two standard volumes are 
sealed off so that a sufficiently large pressure in the manometer will be 
produced. Such a technique permits the determination of the number of 
moles of neon in the capillary and high pressure valve, which constitutes 
about 1% of the neon in the bomb. 
Once the amount of neon in the dead spaces is determined, the sample 
is warmed to the melting point and the gas is collected in the standard 
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volume. The heater Hi is used to keep the capillary unblocked. The 
calorimeter is permitted to reach room temperature and the pressure and 
water bath temperature then are measured in the recovery system. The 
pressure reading is corrected to 0 "C and standard gravity and the number 
of moles in the sample is calculated from the ideal gas law. 
Specific Procedures in Data Collection 
A data run begins by solidifying the sample. The bomb is flushed 
with neon at room temperature by pressurizing the system to several hun­
dred bars and releasing the gas into the recovery system. The flushing is 
meant to remove or dilute any air that may be present in the filling 
capillary and bomb itself, thus preventing a block of solid air from form­
ing in the line. After flushing, the bomb is pressurized to approximately 
2 kbar and sealed off. The bomb then is cooled to 77 K at which tempera­
ture the pressure has decreased to approximately 600 bar. The separator 
pressure accordingly is adjusted to 600 bar and the bomb valve is opened. 
The separator then is pumped up to the chosen solidification pressure, P^, 
for the particular sample being grown. This pressure was 1, 1.5, 2, and 
2.5 kbar for the four samples that filled the bomb at 1 K. Several sam­
ples were solidified at pressures below 1 kbar (as low as 625 bar) but all 
of these samples pulled away from the bomb walls above 1 K. Any sudden 
change in the pressure of the fluid neon causes warming (pressure increase) 
or cooling (pressure decrease). So, as the bomb pressure is increased 
from 600 bar at 77 K to 1 kbar in a period of several minutes, the bomb 
temperature rises approximately 20 K. 
Liquid helium then is transferred and the shield is cooled to about 
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25 K while the bomb is cooled to the freezing temperature. The manganin 
heater along the capillary and the plug heater (Figure 2) are turned on 
when the shield temperature drops below the freezing temperature of the 
neon, so that the capillary will not block. Normally the plug and capil­
lary heaters are run in parallel from the same heater supply at about 50 
to 100 mA. The bomb pressure is maintained at a constant value as the 
bomb cools by gradually increasing the piston height in the separator. As 
long as there is more than one inch of piston travel remaining in the sep­
arator, not much adjustment in height is needed since the separator acts 
somewhat like a pressure regulator as the compressed oil expands and moves 
the piston upward. This action is possible due to the large volume of the 
separator in comparison to the volume of the bomb. 
When the bomb has cooled to just above the freezing temperature, the 
heater Hi at the top of the bomb is turned on at 1 to 10 mA. As described 
earlier this is necessary to keep the end of the capillary in the bomb 
open and to produce a temperature gradient in the sample so that it will 
freeze upward from the bottom. The onset of freezing is marked by an 
abrupt change in the cooling rate. The bomb temperature stabilizes at 
that point on the melting line corresponding to and in Figure 12. 
As the sample solidifies, the pressure is kept constant to within 1 bar. 
When the fluid—solid interface reaches the end of the capillary, the 
sample begins cooling rapidly (the cooling rate increases by a factor of 
50 to 100) again, and that portion of the sample above the end of the 
capillary (approximately 0,040 in. or 4% of the sample) freezes at constant 
volume. As a result, the pressure in the bomb must drop as this upper 
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portion of the sample solidifies. The solidification process illustrated 
in Figure 12 thus is the ideal case, and Figure 13 illustrates the actual 
path taken by one of the samples in this experiment. The point on the 
melting curve T^ is the pressure and temperature at which freezing 
first begins in the bottom of the bomb. The pressure and temperature re­
main at nearly and T^ until the end of the capillary is blocked by the 
rising solid. The pressure and temperature then drop to P^ and T^ as the 
rest of the sample solidifies. Table 2 summarizes the solidification data 
for the four samples which will be discussed in later sections. 
Table 2. Solidification data 
Sample designation P^ (bar) T^fK) (bar) T^(K) 
Ne5 1006 +2 37-53 +0.02 885 36.20 +0.05 
Ne6 1505 +2 43.05 ±0.05 1392 41.60+0.05 
Ne7 2000 +2 48.0 ±0.1 1862 46.80 +0.05 
Ne8 2499 +2 53.1 ±0,1 2301 51.10 +0.05 
The quantities P , T , P , and T are defined by Figure 13. Immediately 
^  s ' s ' m ' m  
after the capillary blocks in the bomb, heater Hi and the capillary and 
plug heaters are turned off, helium exchange gas is introduced into the 
vacuum jacket around the fill capillary and the bomb valve is closed. 
The melting temperature T^ is determined shortly after the sample is 
solidified auù Lhc capillary is blocked by warming the bomb slowly from 
below T while heat capacity data are taken. At T there is a sharp 
m m 
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increase in the heat capacity as the sample begins to melt. Figure 14 
illustrates how T is determined from these data. The value of P in 
m m 
Table 2 is calculated from the melting curve of natural neon (68): 
P(bar) = 0.9807(-1057.99 + 6.289415 x 
The observed values of T and P agree with this relation for all of our 
s s ^ 
data. 
Once T^ has been determined, the sample is cooled slowly (over a 
period of 12 hours) to 4.2 K. The exchange gas in the 4 K shield is pumped 
out with an oil diffusion pump while the sample is oooling. When 4.2 K 
3 is reached, liquid helium is condensed into the 100 cm pot and pumping 
is started to cool the sample to 1 K. At 1 K the mechanical heat switch 
is opened and data taking begins. 
Data points are taken from the lowest temperature attainable to the 
melting temperature of the sample. Approximately 15 points are taken be­
tween 1 and 2 K, 8 points between 2 and 5 K, and then points are taken at 
one degree intervals to 20 K, 1.5 degree intervals to 30 K and two degree 
intervals to the melting line. After one complete set of data is obtained, 
the sample is cooled to 1 K and points are retaken at roughly 1, 2, 4, 10, 
15, 20, 25, and 30 K to insure that there have been no changes due to an­
nealing or other unknown effects. Just before the sample is melted and 
collected in the recovery system, a final series of heat capacity measure­
ments is taken through the melting temperature to redetermine T^. The 
value of T^ obtained after all data are taken always agrees with that value 
determined immediately after the sample is solidified to within 0.05 K. 
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The shield temperature is held constant at the mean temperature of 
each data point to within 10 mK. Below 4 K the shield temperature is 
controlled by adjusting the pumping rate of the liquid helium in the pot.. 
Above 4 K a finely adjustable constant current source is used to power 
the 100 0 shield heater (see Figure 1), and the temperature is held con­
stant by carefully adjusting the current through the heater. The voltage 
across the germanium thermometer GR481 on the shield is displayed on the 
blue pen of the strip chart recorder so that the shield temperature can 
be monitored continuously and thus more easily controlled. 
The sample temperature drifts are observed by watching the germanium 
thermometer voltage traced out by the red pen on the strip chart recorder 
(see Figure 8 for circuit diagram). Typical drift rates are 0.5 mK/min 
at 1 K, 0.1 mK/min and 5 K, and less than 0.03 mK/min above 10 K. For 
purposes of illustration. Figure 15 is a reproduction of point f11038 
(sample Ne?) as it was traced out on the strip chart recorder. The value 
of AT = T2-T1 for each heat pulse is determined by extending the fore and 
after traces on the strip chart paper to the midpoint in time of the heat 
pulse and evaluating Tl and 72 at that point. The very small drift rates 
mean that the difference T2-T1 can be determined very precisely since the 
null detector in the thermometer circuit can be set to a very sensitive 
scale (typically 1 to 10 MV is displayed full scale on the strip chart 
recorder with 10 in. wide paper). In other words, the heat pulse is 
effectively spread out over as much as 100 full scales of the strip chart 
rcCordêr pôpci âo Lnoi. icss Lnaii d u.î/o uncerLâinty In the determination 
of AT is reasonable. The germanium thermometer current always is chosen 
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so that errors will not be introduced due to self-heating in the germani­
um resistor. Currents range from 1 uA at 1 K to 100 uA above 15 K. 
The correct value of AT can be determined only when the sample has 
come into thermal equilibrium. It therefore is imperative to wait suf­
ficiently long after a heat pulse for equilibrium to be established. Be­
low 4 K equilibrium is almost instaneous. The relaxation time of several 
minutes between 10 and 20 K increases to about 5 minutes above 30 K. As 
is seen in Figure 15, thermal equilibrium is evident when the trace of the 
germanium thermometer voltage on the strip chart recorder is a straight 
line. The line is straight since dR/dT for the thermometer is essentially 
constant over the small temperature range displayed on the strip chart 
recorder. The thermometer trace therefore is watched closely before and 
after the heat pulse until a straight line long enough to permit accurate 
extension to the mid-point of the pulse is traced out. 
The heater power is determined from a potentiometric measurement of 
I and R. The heat dissipated in a time t, the duration of the heat pulse 
2 
as measured by the CMC electronic timer, is I Rt. This method was checked 
by using an integrating digital voltmeter (Vidar model 520-01, S/N 2-188) 
which evaluates Vdt across the heater. The two methods should agree 
pt 2^ 
since IJ Vdt = 1 Rt if R remains constant. The agreement was within 
0 
several hundreths of one percent. 
Above 20 K a 1% effect on the measured specific heat is observed 
depending on the heater current and length of temperature interval AT, 
i.e. Lhc hiyhci trie current or the longer the heating time at any given 
current the greater the indicated specific heat. Changes by a factor of 
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eight in either the current or time of heating produce a 1% difference in 
the measured value of the heat capacity. The thermal diffusivity of solid 
neon is very low above 20 K and thermal relaxation times are of the order 
of several minutes. It seems plausible that the use of large temperature 
increments, necessitating high currents and long heating times, could re­
sult in locally high temperatures and thus increased heat leaks to the 
shield. These problems are avoided by restricting the temperature inter­
val of each pulse to 0.2 K and by keeping the current at a reasonably low 
value. 
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CHAPTER IV. RESULTS 
Data Analysis 
The majority of the data reduction is performed using an IBM model 
360-65 high speed digital computer. Raw data for each point includes the 
thermometer resistance at the initial and final temperatures of the heat 
pulse, the heater current and resistance, and the time of the pulse. The 
computer proceeds in a straight-forward manner to calculate the values of 
Tl, T2, T = (T1 + T2)/2, AT = T2 - Tl, and AQ = I^Rt. For addenda data 
the program then evaluates the heat capacity of the addenda = AQ/AT. 
For neon samples it first evaluates the total measured heat capacity then 
subtracts the heat capacity of the addenda at that temperature and di­
vides by the number of moles in the sample to obtain the specific heat. 
The program also evaluates the equivalent Debye temperature 0p(T) from a 
computer-generated vs T/9p table, and quantities such as C^/T^, 
2 Cadd^T^ and T which are useful to represent the data in graphical form. 
The raw data and computer-calculated results for the addenda and five 
neon samples are listed in Appendix B. These data are photo-reproductions 
of computer output in order to eliminate transcription errors. 
The measured value of the specific heat of the neon samples does not 
represent a true constant volume specific heat since the actual volume of 
the bomb increases as the internal or thermal pressure increases with 
temperature. Thus, part of the thermal energy added to the sample during 
a heat oulse is used in expanding the solid neon. These conditions are 
exactly similar to a Cp measurement except that the volume change is a 
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small percentage of the volume change which would occur at zero pressure. 
Hence, the measured value of the heat capacity, C , may be corrected 
' ' meas' ' 
to a true constant volume value in the following way. The measured heat 
capacity can be written in terms of entropy changes as 
where is the volume change of the sample under the conditions 
of this experiment. The last term can be rewritten as 
so that since (ÔS/ÔV)^ = (ÔP/ÔT)^; 
^meas " V expt 
In our case, however, the quantity is the volume change 
of the bomb with pressure and, as described earlier (Figure 4), is an ex­
perimental ly known number. The quantity AV/AP was measured at O^C and 
because of the 10% increase in the elastic modulus of beryllium copper at 
temperatures below 77 K (69,70), it takes the value 6.62 x 10 ^ bar'' at 
the temperatures involved in this experiment. Equation 4-2 becomes, then, 
with the use of the Gruneisen relation 
-v-Y . (V3) 
The computer then is employed to evaluate self-consistently Equation 4-3 
2 (since C., appears on both sides) assumina a constant value of M  and y  = 7 
V  
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It should be noted that this correction to C is less than 1% below 
meas 
20 K but it rises to as large as k% for sample NeB at 50 K. Nevertheless, 
this correction is still far less than the Cp to correction (Cp/C^ 
= 1.53 at 24 K) needed to obtain from a constant pressure experiment. 
2 As will be shown later, = 2.40 so that 7 = 5.8, but 7 is expected to 
2 increase by about 8 to 1C% at higher temperatures so that 7 = 6.8. Thus 
2 
7 = 7 is probably within 5% of the actual value which is adequate since 
the maximum correction is only 4%. 
The above correction gives Cy(\/(T),T) which in turn must be corrected 
to Cy(\/(T=0),T). This is done by assuming a linear versus V relation 
at each temperature and correcting by use of 
AC 
Cy(V(T=0),T) = C^(V(T),T) -(^MV(T) - V(T=0) ) . (4-4) 
The quantity (AC^/AV)^ is determined by a least squares fit through the 
smoothed C^ versus V data at temperature intervals of one degree. This 
correction is very small and is at most 0.4% at the highest temperatures. 
The heat capacity of solids at low temperatures often can be repre­
sented by an expression of the form 
C = AOT + AIT^ + A2T^ + A3T^ + ••• (4-5) 
where the linear term AQT IS needed for a description of metals (such as 
the addenda) but is zero for dielectrics. Such a relation provides a con­
venient method for graphically displaying results In the form of C/T or 
3 2 C/T versus T plots for metals and dielectrics respectively. That is, 
3 9 
on a C/T versus T~ plot (such as is used for the neon samples below 4 K) 
2 
the intercept at T =0 (the A1 coefficient In Equation 4-5) can be used 
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to calculate the value of §Q from Equation 1-12 given in the Introduction: 
The higher order terms are normally small and have little physical signifi­
cance. 
ranges 1 < T < 4.7 K and 3 < T < 52 K respectively. Figure 16 shows a 
discontinuity in the addenda heat capacity at 3.4 K which results from the 
superconducting transition in the indium metal used in fabricating the 
bomb. No neon sample data points were taken in the immediate vicinity of 
3.4 K and all heat pulses either ended before or started after 3.4 K. 
in order to know the addenda heat capacity at any temperature, the 
data are fit (using a least squares technique) to Equation 4-5 in three 
temperature ranges; 1 < T < 3.41 K, 3.41 < T < 9.32 K, 9.32 < T < 52 K. 
The resulting fit constants and the root mean square deviations for each 
fit range are shown in Table 3. Figure 18 is a plot for the 1 < T <3.41 K 
fit region showing the percentage deviation of the measured value of the 
addenda heat capacity from the value calculated using the fit equation. 
The plot indicates that the fit gives a good description of the measured 
heat capacity since the scatter is random. It also should be noted that 
the maximum deviation is only 0.6%. Deviation plots for the higher 




2 Figures 16 and 17 are plots of C^y^/T versus T for the temperature 
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Table 3 »  Fît constants for Equation 4-5 representing the addenda heat 
capacity data (in units of mJ/mole-K) 
Temperature Root mean square 
range Fit constants deviation (%} 
AO = 7.417116440168220-01 
A1 = -4.621057747931460-02 
A4 = 5.057521350837760-04 
A5 = -1.6010043933 48500-05 
AO = 6.226609720713200-01 
A1 = 4.802823598466810-02 
3.4 < T < 9.32 K A2 = 1.010633849511510-04 0.202 
A3 = -1.625546823965930-06 
A4 = 7.123209079756120-09 
AO = 7.861876581518850-01 
A1 = 4.805531641301610-02 
A2 = -9.600051857302100-06 
9 . 3 2 < T < 5 2 K  
A5 = 3.784755942760640-14 
A6 = -1.066316865284370-17 
A7 = 1.158583073008610-21 
Solid Neon Results 
The results of specific heat measurements on five neon samples, 
designated Ne4, Ne5, Ne6, Ne7, and Ne8, are presented in this section. All 
samples completely fiïïea tne bomb at all temperatures except tor Ne4 wnicn 
pulled away from the bomb walls on cooling below about 15 K. Table 4 
Table 4. Characteristic properties of the five neon samples investigated 
Sample 
V, 











Ne4 0.2142 13.39 0 
Ne5 0.2195 13.24 152 
Ne6 0.2261 12.8? 446 
Ne7 0.2318 1 2.58 703 
Ne8 0.2361 12.3 7 960 
75.0 31.75 13.60 521 
77.7 36.20 13.30 885 
83.1 41.80 12.95 1392 
87.6 46.80 12.67 1862 
91.5 51.10 12.48 2301 
^V.ilues are uncertain 
^Vnlues are uncertain 
^V^lues are uncertain 
^Values are uncertain 
by + 0. 01 cnP/mol e 
by + 0.2% 
by + 0.05 K 
by + 3 bar 
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summarizes several characteristic parameters of the samples. All of the 
raw data points and the computer-analyzed results appear in Appendix B. 
Figure 19 is a plot of Cy/T^ versus for sample Ne? in the tempera­
ture region 1 < T < 3.6 K. The data for this sample are typical of all 
samples and hence were chosen for discussion purposes. Figure 19 illus­
trates, firstly, that the data are reproducible at the few tenths of a 
percent level, and secondly that they are very precise, showing a maximum 
scatter of the order of + 0.5% at 1 K. 
The solid line in Figure 19 is the result of a least squares fit of 
these data to Equation 4-5 (with AO = 0). The parameters for this fit 
plus the results for the other samples are shown in Table 5 with the root 
mean square deviation for each fit. The actual values of C are used 
meas 
in the fits but the difference between C and C,, (as shown in Figure 19) 
rnô3s V 
is negligible below 8 K. 
The value of 0q was calculated for all samples (except Ne4 and Ne8) 
from the first fit coefficient (Al) and Equation 4-6, These values are 
displayed in Table 4. The value of B Q  for Ne4 was determined graphically 
by the T^ = 0 intercept on a C/T^ versus T^ plot. 
The determination of 6^ for sample NeS was not as straight-forward as 
for the other samples. The least squares computer fit was influenced near 
1 K by two data points which were about 1% high, with a resulting C^/T^ 
2 intercept at T = 0 giving Gg = 91«1 K. Figure 20 Is a reduced plot of 
3 2 CY(T/Gq) versus (T/Gq) with each symbol representing the smooth data 
at ir.tagrai Jcyi cca Tor the four neon samples. With G^ = 9I°1 K the NeB 
points lie considerably (about 1% in C^) below the line. Thus, G^ was 
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Table 5» Fit constants for Equation 4-5 (AO = 0) representing the neon 
sample data below 4 K (in units of mJ/mole-K) 
Temperature Root mean 
Sample range Fit constants square deviation % 
AI = 4,143162733335490 00 
N e s  O < T < 3 . 6 5  : :  
A4 = -6.018095362815140-05 
A1 = 3.394570888513540 00 
NES .<T<4..0 
A4 = -5.593670468688430-05 
A1 = 2.889552596416190 00 
Ne7 0 < T < 3.45 A2 = 3.634694962685920-03 0.259 
A3 = 9.766879017076940-04 
A1 = 2.567448581961810 00 
- B  o < t < 3 . 7 B  
A4 = -7.887999631620300-05 
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increased to 91«5 K and was calculated at 1 and 2 K by assuming the 
value of C^/(T/6Q)^ given by the line. The value of given by the 
original fit to Equation 4-5 was used at 3 K and above. The smooth C^/T^ 
2 
versus T curve as determined by Gg = 91.5 K and the reduced Cy curve of 
Figure 20 give a good description of the data with all points (except the 
lowest two) lying within + 0.5% in C^. As an interesting speculation, a 
1% increase in at 1 K (corresponding to 0.025 mJ/mole-K) could be 
accounted for by approximately 10 ppm of orthohydrogen. 
The heat capacity data above 4 K are fit in roughly two ranges, 
4 < T < 15 K, and 15 K < T < T^, to an equation of the form 
^meas = + AIT + A2T^ + A3T^ + ... . (4-7) 
All powers of T are included since the heat capacity becomes nearly linear 
in T and approximately constant at high temperatures where it is approach­
ing the classical Dulong and Petit value. The results of these fits are 
shown i n Table 6. 
Figures 21 and 22 are deviation plots for the fits of the data for 
sample Ne?» As was stated earlier sample Ne? is chosen to show typical 
results and the fits for the other samples are similar. The increase in 
the scatter of the data above 30 K is due to an uncertainty in the de­
termination of AT. The sensitivity of the germanium thermometer is very 
low (approximately 0.5 0/K) in this region, making it difficult to obtain 
high precision temperature measurements. 
Thft AXACf fAmnArafMre f f\r wk ! c k -f-Ko K»-oa!/' ranmac ic ma<4o * c 
chosen by plotting dC^^^^/dT in the overlap range and selecting that 
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Table 6. Fit constants for Equation 4-7 representing the neon sample data 
above 4 K (in units of mJ/mole-K) 
Temperature Root mean 
Sample range Fit constants square deviation (% 
AO = -7.16658453149367D 02 
A1 = 7.68775401367323 D 02 
A2 = -3.12263506694223D 02 
.e5 3.6S < T < ,4.6 « = 0. 
A5 = 1.110412655305580-01 
A6 = 9-916216763139140-04 
A7 = -6.545246283807370-05 
AO = 6.69964937705957D 03 
A1 = -2.86442293329116D 03 
A2 = 4.7387861229692OD 02 
Ne5 14.6 < T < 36.2 A3 = -2.719853833755460 01 0.172 
A4 = 7.780689641427250-01 
A5 = -1.110524815496390-02 
A6 = 6.271692653167940-05 
AO = -1.715738280559710 02 
A1 = 1.385882705976400 02 
A2 = -2.103927420040370 01 
Nee 4.0<T<n.s 
A5 = -4.810592976148810-01 
A6 = 2.267454933382980-02 
A7 = -3.936965960941580-04 
AO = 1.306187736460680 04 
A1 = -4.691582174621050 03 
A2 = 6.633848387864160 02 
Ne6 13.5 < T <41.6 A3 = -3-789173715614460 01 0.198 
A4 = 1.124003436733540 00 
A5 = -1.70811191653 084 0-02 
A6 = 1.051888142014210-04 
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Table 6. (Continued) 
Temperature Root mean 
Sample range Fit constants square deviation (%) 
AO = -1.4512047822603 9D 02 
A1 = 1.097256979749800 02 
A2 = -I.3OOI9I897096I20 01 
A3 = -6.581644758197640 00 
Ne7 3.45 < T < 14.25 A4 = 3.299016058208480 00 O.O68 
A5 = -3.572813025267780-01 
A6 = 1.588982903185470-02 
A7 = -2.613571593168710-04 
AO = 2.355433541418840 03 
A1 = -1.564936125621900 03 
A2 = 2.851489684019810 02 
Ne7 14.25 < T <46.8 A 3  = -1.511108454237540 01 O.329 
A4 = 3.951923707162730-01 
A5 = -5.208186262462600-03 
A6 = 2.766348481237090-05 
AO = -5.438650999031770 01 
A1 = 1.155382755295510 01 
A2 = 2.791911403426570 01 
NeS 3.78 <T <,5.65 
A5 = -3.788515644519380-01 
A6 = 1.594579687996420-02 
A7 = -2.541927746257830-04 
AO = 3.768186697072420 03 
A1 = -1.847682186662880 03 
A2 = 2.951989767917520 02 
Ne8 15.65 < T < 51.1 A3 = -1.493239801573810 01 O.II7 
A4 = 3.770571513433140-01 
A5 = -4.816715171930500-03 
A6 = 2.483666178753920-05 
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temperature where a smooth transition occurs. The exact temperature ranges 
and the root mean square deviations for each sample are shown in Table 6. 
The fit equations are used to calculate "smooth" results at tempera­
ture intervals of one Kelvin. The results of these calculations are shown 
on the following four pages for samples Ne5 through Ne8 respectively. The 
first column is the temperature at which each function is evaluated. The 
next two columns display the true constant volume specific heat 
(corrected from the measured value as described above), and G^Cr) the 
equivalent Debye temperature which is evaluated by the computer from 
and T. The fourth column is the entropy and is evaluated from 
T C 
S(V,T) = r dT (4-8) 
'0 ' 
where C dT = dO, the heat added to the sample. The integral is evalu-
meas ^ ^ 
ated explicitly from the fits (Equations 4-5 and 4-7) corresponding to the 
appropriate temperature range. 
Column 5 is the change in the internal energy of the solid from 
absolute zero to temperature T and was discussed in the Introduction. The 
values of U (V,T) in the tabulations are calculated by numerically inte­
grating the Cy values listed in column 2 using Simpson's rule and Equation 
1-20. 
Vf 
As was outlined in the Introduction, the thermal pressure P (V,T), the 
total pressure P(V,T), and the molar volume V depend in a self-consistent 
manner on the volume-dependence of the entropy (Equations 1-17, 1-)#, and 
SMOOTHED RESULTS SAMPLE NE5 V0«13.2* CC/MOLE, THETAO»77.71K, P0=152 BARS, N-O.2195 HOLE, TM-36.2K, PM=885 PARS. VM^IS.SO CC/MOLE 
T CV THETA S U* P* P V THETA/ T/ (K) (MJ/M-K) IKI (MJ/M-K) (MU/MOLE) FBARS) (BARSI (CC/MOLE) THETAO THETAO 
1.0 4.15490 00 77.64 1.38320 00 1.03790 00 0.0 152.0 13.235 0.9991 0.0129 
2.0 3.37570 01 77.24 1.11530 01 1.67540 01 0.0 152.0 13.23 5 0.9939 0.0257 
3.0 1.18920 02 76.14 3.84590 01 8.69170 01 0.1 152.1 13.235 0.9790 0.0386 
4.0 3.0415D 02 74.24 9.49820 01 2. 87700 02 0.5 152.5 13.235 0.9553 0.0515 
5.0 6.44660 02 72.21 1.96090 02 7.47070 02 1.1 153.1 13.23 5 0.9293 0.0643 
6.0 1.1754D 03 70.77 3.57610 02 1.64080 03 2.5 154.5 13.236 0.9106 0.0772 
7.0 1.89500 03 69.96 5.90630 02 3.16110 03 4. 8 156. 8 13.236 0.9002 0.0901 
8. 0 2.77690 03 69.56 8.99840 02 5.48510 03 8.3 160.3 13.236 0. 8951 0.1029 
9.0 3.78000 03 69.40 1.28420 03 8.75540 03 13.4 165.4 13.236 0.8931 0.1158 
10.0 4.85870 03 69.39 1.73850 03 1.30700 04 20.2 172.2 13.237 0.8929 0.1287 
11.0 5.96970 03 69.47 2.25460 03 1.84830 04 28.9 180.9 13.238 C. 8939 0.1416 
12.0 7.07770 03 69.61 2.82320 03 2.50090 04 39.5 191.5 13.239 0.8958 0.1544 
13.0 8.15770 03 69.80 3.43460 03 3.26290 04 52.2 204.2 13.240 0.8982 0.1673 
14.0 9.19470 03 70.01 4.08010 03 4.13100 04 66.9 218.9 13.241 0.9010 0.1802 
15.0 1.01770 04 70.25 4.75160 03 5.10010 04 83.5 235.5 13.243 0.9G60 0.1920 
16.0 1.11060 04 70.46 5.44240 03 6.16480 04 101.9 253.9 13.244 0.9067 0.2059 
17.0 1.19740 04 70.68 6.14680 03 7.31930 04 122.2 274.2 13.246 0.9C95 0.2188 
18.0 1.2779D 04 70.91 6.85970 03 8.55750 04 144. 1 296.1 13.248 0.9125 0.2316 
19.0 1.35200 04 71.16 7.57680 33 9.87290 04 167.6 319.6 13.250 0.9158 0.2445 
20.0 1.42000 04 71.45 8.29470 03 1.12 590 05 192.6 344.6 13.252 0.9194 0.2574 
21.0 1.4B22D 04 71.77 9.01020 03 1.27110 05 219.0 371.0 13.254 C.9235 0.2702 
22.0 1.53910 04 72.11 9.72110 03 1.42220 05 246.6 398.6 13.257 0.9279 0.2831 
23.0 1.59110 04 72.47 1.04260 04 I. 57870 05 275.5 427.5 13.259 0.9326 0.2960 
24.0 1.63890 04 72.85 1.11220 04 1.74030 05 305.4 457.4 13.262 0.9375 0.3088 
2 5.0 1.68300 04 73.13 1.18100 04 1.90640 05 336.2 488.2 13.265 0.9410 0.3217 
26.0 1.72380 04 73.52 1.24890 04 2.07680 05 368. 1 520.1 13.268 0.9461 0.3346 
27.0 1.76180 04 73.94 1.31570 04 2.25110 05 400.7 552.7 13.270 0.9515 0.3474 
28.0 1.79740 04 74.34 1.38160 04 2.42900 05 434.2 586.2 13.273 0.9566 0.3603 
29.0 1.83090 04 74.69 1.44640 04 2.61050 05 468.3 620.3 13.276 0.9611 0.3732 
30.0 1.86240 04 74.98 1.51020 04 2.79520 05 503.2 655.2 13.279 0. 9648 0.3861 
31.0 1.89220 04 75.21 1.57310 04 2.98290 05 538.6 690.6 13.2*2 0.9678 0.3989 
32.0 1.92020 04 75.41 1.63490 04 3.17350 05 574.7 726.7 13.286 0.9704 0.4118 
33«0 1.94630 04 75.59 1.69570 04 3.36690 05 611.4 763.4 13.289 0.9728 0.4247 
34.0 1.97030 04 75.80 1.75550 04 3.56270 05 648.5 800.5 13.292 0.9754 0.4375 
35.0 1.99220 04 76.07 1.81440 04 3.76090 05 606.2 638.2 1 3.295 0. 9789 0.4504 
36.0 2.01150 04 76.45 1.87220 04 3.96110 05 724.3. 876.3 13.299 0.9838 0.4633 
36.2 2.01500 04 76.54 1.88370 04 4.00130 05 732.7 884.7 13.297 0.9850 0.4658 
Chart 1. Smoothed results for sample Ne5 
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SMOOTHED RESUtTS SAMPLE NEB V0»12.37 CC/MOLE. THETAO-91.50K, P0=960 BARS, N<0.2361 MOLE, TM=S1.1K, PM=2301BABS. VM=12.Ae CC/HOLE 
T CV THETA S U* P* P V TH6TA/ T/ 
(MJ/M-K) (Kl (Mj/H-Kl (BARS) (BARS) CCC/HOL E) TMÇTAO THST&O 
1.0 2.  54260 00 91.65 8.50840--01 6.38110-01 0.0 960.0 12.370 0.9995 0.0109 
2.0 2.05090 01 91.18 6.81660 00 1.02250 01 0.0 960.0 12.370 0.9965 0.0219 
3.0 7.09260 01 90.46 2.32210 01 5.23530 01 0.1 960. 1 12.  370 0.9866 0.032S 
4.0 1.76810 02 88.95 5.65020 01 1.70580 02 0.5 960.5 12.370 0.9721 0.0437 
5.0 3.70270 02 86.90 1.14790 02 4.35350 02 1.1 961.1 12.370 0.9498 0.0546 
6.0 6.82130 02 85.03 2.07910 02 9.50740 02 2.5 962. 5 12.370 0.Q293 0.0656 
7.0 1.1290D 03 83.70 3.44880 02 1.84480 03 4.8 964.8 12.370 0.9148 0.0765 
8.0 1.7112D 03 82.88 5.32270 02 3.25400 03 8,3 968.3 12.371 0.9056 0.0874 
9.0 2.41440 03 82.43 7.73490 02 5.33760 03 13.4 973.4 12.371 0.  9009 0.0964 
10.0 3.21420 03 82.23 1.06880 03 8.11500 03 20.2 980.2 12.372 0.8987 0.1093 
11.0 4.08160 03 82.20 1.41590 03 1.17590 04 28.9 988.9 12.372 0.8986 0.1202 
12.0 4.98880 03 82.30 1.81060 03 1.62910 04 39.5 999.5 12.373 0.  8995 0.1311 
13.0 5.91310 03 82.47 2.24740 03 2.17420 04 52.2 1012.2 12.374 0.9013 0.1421 
14.0 6.8387D 03 82.67 2.72110 03 2.81180 04 66.9 1026.9 12.376 0.9035 0.1530 
15.0 7.75420 03 82.86 3.22620 03 3.54160 04 83.5 1043.5 12.377 0.9056 0.1639 
16.0 8.64490 03 83.06 3.75780 03 4.36180 04 101.9 1061.9 12.378 0.9C78 0.1749 
17.0 9.50200 03 83.28 4.31090 03 5.26950 04 122.2 1082.2 12.380 0.  9102 0.1658 
18.0 1.03210 04 83.49 4.88110 03 6.26100 04 144.1 1104.1 12.382 0.9125 0.1967 
19.0 1.11000 04 83.71 5.46460 03 7.33240 04 167.6 1127.6 12.384 0.9148 0.2077 
20.0 1.19340 04 83.93 6.05770 03 8.47940 04 192.6 1152.6 12.386 0.9172 0.2186 
21.0 1.25250 04 84.15 6.65760 03 9.69780 04 219.0 1179.0 12.388 0.9197 0.2295 
22.0 1.31710 04 84.39 7.26160 03 1.09830 05 246.6 1206.6 12.390 0.9223 0.2404 
23.0 1.3774D 04 84.64 7.86750 03 1.23310 05 275.5 1235.5 12.393 0.9251 0.2514 
24.0 1.43370 04 84.91 8.47320 03 1.37360 05 305.4 1265.4 12.395 0.9280 0.2623 
25.0 1.48600 04 85.20 9.07730 03 1.51970 05 336.2 1296.2 12.397 0.9311 0.2732 
26.0 1.53470 04 85.49 9.67840 03 1.67070 05 368.1 1328.1 12.400 0.9344 0.2842 
27.0 1.58010 04 85.80 1.02760 04 1.82650 05 400.7 1360.7 12.402 0.9377 0.2951 
28.0 1.62240 04 86.11 1.06680 04 1.98660 05 434.2 1394.2 12.405 0.9411 0.3060 
29.0 1.66180 04 86.43 1.14540 04 2.15090 05 468.3 428.3 12.408 0.9446 0.3169 
30.0 1.69870 04 86.62 1.20350 04 2.31890 05 503.2 1463.2 12.411 0.9466 0.3279 
31.0 1.73330 04 86.97 1.26090 04 2.49050 05 538.6 1498.6 12.414 0.9505 0.3388 
32.0 1.76580 04 87.34 1.31760 04 2.66550 05 574.7 1534.7 12.417 0.9545 0.3497 
33.0 1.79640 04 87.69 1.37360 04 2.84360 05 611.4 1571.4 12.420 0.9564 0.3607 
34.0 1.82530 04 88.02 1.42890 04 3.02470 05 648.5 1608.5 12.423 0.9620 0.3716 
35.0 1.85250 04 88.32 1.48350 04 3.20860 05 686.2 1646.2 12.  426 0.9652 0.3625 
36.0 1.87820 04 88.59 1.53740 04 3.39520 05 724.3 1684.3 12.429 0.9681 0.3934 
37.0 1.90250 04 88.83 1.59060 04 3.58420 05 763.6 1723.6 12.432 0.9709 0.4044 
38.0 1.92540 04 89.05 1.64300 04 3.77560 05 802.6 1762.6 12.436 0.9732 0.4153 
39.0 1.94700 04 89.27 1.69480 04 3.96930 05 841.9 1801.9 12.439 0.9756 0.4262 
40.0 1.96730 04 89.49 1.74580 04 4.16500 05 881.6 1841.6 12.442 0.9760 0.4372 
41.0 1.98650 04 89.71 1.79610 04 4.36270 05 921.6 1881.6 12.445 0.  9804 0.4481 
42.0 2.00460 04 89.94 1.84580 04 4.56220 05 961.9 1921.9 12.448 0.9830 0.4590 
43.0 2.02170 04 90.18 1.89470 04 4.76360 05 1002.5 1962.5 12.452 0.9856 0.4699 
44.0 2.03800 04 90.41 1.94300 04 4.96660 05 1043.3 2003.3 12.455 0.9861 0.4809 
45.0 2.05370 04 90.61 1.99060 04 5.17110 05 1084.5 2044.5 12.458 0.9902 0.4918 
46.0 ?. .  06920 04 90.74 2.03750 04 5.37730 05 1126.0 2086.0 12.462 0.9917 0.5027 
47.0 2.38490 04 90.75 2.08390 04 5.58500 05 1167.7 2127.7 12.465 0.9918 0.5137 
48.0 2.10130 04 90.56 2.12970 04 5.79430 05 1209.7 2169.0 12.468 0.9898 0.5246 
49.0 2.11920 04 90.07 2.17490 04 6.30530 05 1251.9 2211.9 12.472 0.9844 0.5355 
50.0 2.13940 04 89.13 2.21970 04 6.21820 05 1294.4 2254.4 12.476 0.9741 0.5464 
51.0 2.16300 04 87.54 2.26410 04 6.43330 05 1337. 1 2297.1 12.480 0.9567 0.5574 
51.  1 2.16560 04 87.33 2.26850 04 6.45490 05 1341.4 2301.0 12.460 0.9544 0.5585 
Chart 4. Smoothed results for sample Ne8 
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1-19)- Since the volume of the bomb depends on the pressure (Figure 4), 
(ôS/ôV)^ can be evaluated precisely only if the pressure is known at all 
temperatures. Hence a self-consistent calculation is made in which (1) 
P (VJT) is estimated from the Mie-Gruneisen relation (Equation 1-21), (2) 
P(V,T) is calculated (since P(\/^T^) is known for all samples), (3) V and 
(ôS/âV)^ are evaluated and finally (4) a new approximation to P (V,T) is 
obtained from Equation 1-18, 
Thus the values of P , P, and V in the tabulations are calculated by 
iteration from the entropies as listed and from P. V , and T in Table 4. 
m^ m' m 
The last two columns in the smoothed data are values of ^Q(T)/6Q and 
T/6q. The Ôq value is that listed in Table 4. 
The smoothed values of listed on pages 68-71 represent the 
constant volume specific heat at slightly increasing molar volume as the 
temperature rises. As was discussed earlier, it is most useful to correct 
these Cy(V(T),T) values to the molar volume at T = 0, C^(V(T = 0),T). 
This is easily done by using Equation 4-4 and the results are listed on 
page 73 * The following page lists ®q(T)/6q and T/Qq for the volume-
corrected specific heats. These two pages of smoothed data for the four 
molar volumes investigated represent the true constant volume specific 
heat results for solid neon which would be obtained in a precisely 
cocisianL-voî unie measurement. 
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CHAPTER V. DISCUSSION 
T = 0 K Limit 
Perhaps the most useful discussion of the results in this limit is 
in terms of 0Q. The volume dependence of GQ, expressed in terms of the 
GrUneisen parameter, 
din e (V) 
7 J V ) =  5 ,  ( 5 - 1 )  
° din V 
was discussed in the Introduction, is a very useful parameter since 
it is also related to a weighted average volume dependence of the elastic 
constants through 
Figure 23 is a plot of 0^ versus V (with logarithmic axes) for samples 
Ne4 through Ne8. The size of the circles representing each sample is the 
approximate uncertainty in the data. Thus, with the exception of the Ne4 
sample at V = 13*39^ a11 of the points lie on a straight line within ex­
perimental precision. Accordingly, it is impossible to deduce a volume 
dependence of 7Q from this plot. The main difficulty in all of this is, 
of course, that the total volume change represented in Figure 23 is only 
about 8%. Such a graphical analysis might work if the molar volumes could 
be determined with 0.01% accuracy, but here they are only known to + 0.1%. 
Indeed, in the case of solid He^ (59) a 20% change in the volume of the bcc 
phase was insufficient to show curvature on a l,n GQ versus In V plot, and 
1 A AO/ \ f  ^  Tk 1 I imâkB rio Ko a 1 r* 11" 
lated in the hep phase. 
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Nevertheless, the average value of y^ can be determined rather pre­
cisely from the slope of the line in Figure 23 as 2.40 + 0.04. The value 
can be compared with the GrUneisen parameter reported by Batchelder, Losee, 
and Simmons (36) as obtained from X-ray thermal expansion measurements. 
Their reported uncertainty in 7 is 25% at 3 K and 12% at 20 K with a 
minimum of 6% at 6 K. The increased error limits at low temperatures is 
due to uncertainty in the thermal expansion coefficient p and at high 
temperatures to uncertainty in the bulk modulus Nevertheless, the 
temperature dependence is such that a straight line extrapolation of their 
results between 4 and 7 K gives a 7^ value of 2,4. Such an interpretation 
of the X-ray data is probably unrealistic, however, since 7 usually 
changes less rapidly between 0 and 5 K than between 5 and 10 K (see 
Reference 49 for accurate low temperature 7(T) for argon). In any case, 
the present results and the thermal expansion data agree within experi­
mental error. 
T > 0 K Results 
Figure 24 is a plot of versus T for the four experimentally 
measured samples plus the calculated results for the V(P=0, T=0) molar 
volume (discussed more fully below). Thus, with only an 8% decrease in 
molar volume the specific heat decreases by as much as 45% at 4 K and 
about 30% at 15 K. 
As was discussed in the Introduction, it should be possible to re­
move most of the volume dependence by using a reduced plot of C„(V,T/6n) 
versus T/0Q. This is shown in Figure 25. The result is most striking 
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since the data for all samples lie within the width of the line on Figure 
25» Consequently, a more sensitive plot is needed to observe small 
differences and Figure 26 displays ®Q(T)/6g versus T/6q. The curves for 
all samples are identical below T/QQ = 0.06 (see Figure 20 also) and show 
a systematic separation in between T/6Q = 0.06 (5 K) and about 
0.24 (16 to 20 K)J at which point the data are less reliable and the plot 
becomes sensitive to uncertainties in C^. At T/6Q = 0.24 the data for the 
four samples differ by about 1% as shown by the "error" bars. The error 
estimates do not take systematic errors into account but these should 
affect all samples equally; i.e. the difference between the 6p(T)/0Q 
curves should remain the same. 
The spread in the 0q(T)/0Q curves can be explained in terms of an 
explicit temperature dependence of 7. It is possible to calculate this 
effect (though with no great precision) in terms of 7q as follows. The 
volume dependence of can be written as 
I 
Cy(T/9Q,V) = C^(T/@o) + ACyd/GyV), (5-2) 
so that the entropy becomes 
S (T /G^V) = S(T /9g)  + ASFT/GYV). (5-3)  
Now by using the Grlineisen relation, we can write 7 as 
v(as'/av)^/g v[(ôs/ôv)^/o + (aAS/avXr/* 
7(T/eyV) = 
r /I • .  ^  /r* \ 
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or, expanding the denominator, 
(BAS/BV)^YG 
7 (T/e , v )  =  7 J 1  +  AC./CJo (5-4) 
° ° (as/avj^/g V V 
Here the higher order terms involving AC^AS , etc. are neglected and 
\lihS/h\l)yQ din «Q 
7o = (5-5) 
Cy din V 
is temperature-independent. 
Equation 5-4 was evaluated for the present data by greatly magnifying 
sections of Figure 25 and graphically determining AS = f(ACy/T)dT and then 
calculating ÔAS /ÔV . The value of (ôS/ôV) was determined earlier in 
,v 0 
the calculation of P (V,T). A plot of the dependence of 7/7Q on T/G^ is 
shown in Figure 27. It must be emphasized that there is an uncertainty 
of the order of 50% in (ÔAS /ÔV) , and thus, the temperature dependence 
0 
of 7/7g shown in Figure 27 is primarily useful to demonstrate that an 
increase in 7 of a few percent can account for the volume effects seen in 
Figure 26. 
As was discussed in the Introduction, an explicit temperature 
dependence of 7 means that not all of the mode 7j's are the same. For 
instance, if the 7.'s corresponding to the longitudinal acoustic (7^^) 
and the transverse acoustic ( y _ . )  modes are different, then the thermo-
• IM' 
dynamic 7 which is a weighted average (Equation 1-24) of these must be 
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temperature-dependent. That îs, at very low temperatures the specific 
heat (and hence the average over the mode 7j 's) arises primarily from the 
excitation of the low energy (usually transverse) vibrational modes. As 
the temperature increases, the higher energy (usually longitudinal) vibra­
tional modes are excited, thus influencing the weighted average of the 7J s» 
Whether 7 increases or decreases with temperature depends on whether 
''TA < ''LA ''TA > ''LA respectively. 
The longitudinal and transverse acoustic mode gammas have been de­
termined for neon in the [OOl] direction at 4.7 K from neutron diffraction 
data at two molar volumes (53). The results are 7^^ = 4.2 + 0.6 and 
7j^ = 2.9+ 0.5. These values are consistent with the prediction that is 
made by this experiment, namely that 7|^^ > 7^^ since an increase of 7 with 
T is observed here. Our data suggest that the difference between and 
7j^ on the average cannot be quite as large as these incomplete neutron 
diffraction data suggest, since our 7 increases only about 4%. 
The X-ray thermal expansion data (36) can be used to calculate a total 
increase in 7 of about 10% between 4 and 16 K for P = 0. The 4% increase 
in 7 shown in Figure 27 is a volume-independent result and represents the 
temperature dependence for an average of the molar volumes covered in this 
experiment, in some sense, then, approximately 6% of the observed change 
in 7 calculated from the P = 0 measurement of the thermal expansion is 
due to the 4% volume change from T = 0 to 24 K. 
it should be mentioned that the investigation of 7(V, T) by the volume 
dependence of C,, for solids like neon is not the most satisfactory manner 
of obtaining these data. A precise thermal expansion measurement in the 
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temperature region below 20 K would certainly complement the results re­
ported here. Nevertheless, the fact that the present results can be ex­
plained by only a slight increase of 7 with T is one of the major con­
clusions to be drawn from this experiment. There is no other way of 
separating explicit volume and temperature effects except by constant 
volume measurements. 
Comparison with Theory and Other Data 
The most convenient comparison between theory and experiment is via 
the plots of the equivalent Debye temperature Q^fT) corresponding to the 
T = Oj and P = 0 molar volume constant volume specific heat. Accordingly, 
Cy(V(T=0,P=0)jT) was calculated from the results of the other samples. 
The value of = 75*0 K as determined by Ne4 (which was a Cp measurement 
since the sample didn't fill the bomb below 10 K) was used to calculate 
Cy(\ /oiT)  from Figure 20 below T/6Q = 0.06.  Above T/6Q = 0.06j  (VQ ,  T)  was 
determined from the enlarged versus T /QQ plots used to calculate the 
quantity (ÔAS /ÔV) . This was done easily since AC ./AV was known pre-
r/«o V 
viously from the correction of Cy(V,T) to the T = 0 molar volume specific 
heat for all the samples. The results so calculated for C^(VQ,T) are shown 
in Table 7» These values agree to within 1% of those measured on sample 
Ne4 at temperatures below 7 K (where volume effects are very small). 
Figure 28 is a compilation of the theoretical and experimental work 
to date on solid neon. The value of G^fT) for is plotted 
against T. There are six theoretical curves and four experimental de­




























C^{\IQ,T) and 6p(T) for solid neon; VQ = 13.39 cm^/mole, 




























Une. The experimental results are from References 53, 55, and 56 and 
were briefly discussed in the Introduction. The rf s represent results 
from the neutron diffraction data where was calculated from the density 
of states, the s are the data of Fagerstroem and Mollis Hal let (FH), 
and the #'s are those of Fenichel and Serin (FS). There is considerable 
disagreement between FH and FS with FS agreeing better with the results of 
this experiment. Nevertheless, the fact that the agreement of both of 
these sets of data with the present results is within several percent in 
Cy at most temperatures after two (Cp to (V, T) and (V, T) to C^CVQ,!)) 
large corrections is remarkable. FS's value of QQ = 74.6 + 1 K agrees 
quite well with our value of 75.0 +0.2 K. 
The theoretical curve Q. is the result of a quasiharmonic calculation 
(33) using the ML J potential and Q.' is the same calculation with the in­
sertion of potential parameters determined from an anharmonic free energy 
(34). The curve GG is a quasiharmonic model using a Buckingham potential 
function and anharmonic potential parameters (37). A is a complete an­
harmonic calculation which includes cubic and quartic terms (40). The 
curves ISC n = 12 and n = 13 are the most recent theoretical contributions 
and represent the improved self-consistent phonon theory using the MLJ 
potential with n = 12 or 13 (23). 
Several general remarks can be made. Firstly, the quasiharmonic 
model with anharmonic potential parameters (Q.' versus Q.) gives much better 
agreement with experiment, indicating that there are strong anharmonic 
effect: in nccn. Scccr.dîy, the quasiharmonic niOucîs yîvc 5^(7) curves 
with approximately the correct shape (but wrong magnitude). This is in 
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agreement with a prediction made by Barron (34) that even very enharmonic 
solids should show quasiharmonic model temperature dependence over a range 
where the thermal vibration energy is much less than the zero point energy. 
For neon the ratio of the thermal vibrational energy to the total vibra­
tional energy rises from 0.3% at 5 K to about 20% at 25 K (53)° Thirdly, 
the anharmonic calculation appears to underestimate the anharmonic 
corrections at low temperatures and to overestimate them at high tempera­
tures. Finally, the best agreement with experiment is for the self-con­
sistent phonon model (23) with n = 12 in the MLj potential. No results are 
yet available for this theory for temperatures below 7 K. 
Theoretical results are available for the ISC n = 13 model (71) at 
V = 12.39 cm^/mole in addition to those for the VQ molar volume. The 
present results are compared with those in Figure 29» The results of the 
ISC n = 12 model would give better agreement but those values are not 
available. Figure 29 indicates that there is better agreement for V = 13.39 
at temperatures between 10 and 15 K than for V = 12.39, but the agreement 
is better at 22 K for V = 12.39» 
Concludi ng Remarks 
The main objectives of this experiment have been accomplished on the 
whole. The true constant volume specific heat of solid neon at the P = 0, 
T = 0 molar volume has been determined to within 1% from 1 to 24 K. These 
results are the best to date for comparison with theoretical calculations. 
The measurement of C^ at four molar volumes has permitted the determination 
of 7Q which is directly related to the volume dependence of the elastic 
constants. Furthermore, the volume dependence can be eliminated almost 
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completely by expressing in terms of T /6Q . The small volume dependence 
remaining can be interpreted in terms of a slightly temperature-dependent 
GrUneisen 7. The small (4%) increase in 7 suggests that the 7.'s are not 
very different in magnitude for the various modes so that the frequencies 
of nearly all the normal modes scale with volume changes. Also, this 
experiment provides P-V-T equation of state data in the pressure range be­
low 2.5 kbar, which hopefully complement such experiments as compressi­
bility measurements made at much higher pressures. Finally, the best 
theoretical description of the heat capacity of solid neon is, at present, 
given by the n = 12 ISC phonon model. 
It is quite apparent that constant volume calorimetry is not the most 
ideal method for investigating the detailed lattice dynamics of solid neon. 
Indeed, this work suggests the need for more difficult experiments such as 
the temperature and volume dependence of the elastic constants, precise 
neutron scattering data at different molar volumes, and precise low tempera 
ture thermal expansion measurements. Another interesting experiment (which 
hopefully will be completed in the near future) is the heat capacity of the 
20 22 
isotopes Ne and Ne . 
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Figure 23. Determination of 7Q = -din Q^/dln V from 8^ versus V plotted 
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FIgjre 28. Comparison of the present results with other experiments and theory through 
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Figure 29- Comparison of present results with the prediction of ISC n=13 theory (Reference 23) 
at two molar volumes 
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APPENDIX A 
GR638 Thermometer Fit Constants 
Temperature Root mean square 
range Fit constants deviation (mK) 
AO = 5.256792367158050 02 
A1 = -5.295454595011730 02 
A2 = 2.278278O8532306D 02 
0 . 9 < T < « K  s ;  
A5 = -6.358545195702680-01 
A6 = 2.935508243806010-02 
A7 = -5.769777386931670-04 
AO = 9.644796671567280 03 
A1 = -2.154902494321130 04 
A2 = 2.154720683566390 04 
A3 = -1.269479721228560 04 
A4 = 4.881580729655070 03 
4.8 < T < 19.4 K A5 = -1.28057264675982D 03 0.405 
A6 = 2.321553884648780 02 
A7 = -2.872791142788270 01 
A8 = 2.322773938425740 00 
A9 = -1.108315664837390-01 
AlO = 2.370334645780880-03 
AO = 6.80683226162870D 01 
A1 = -1.550675654897230 02 
A2 = 1.644222456381850 02 
A5 = -7.222804694937940 00 
A6 = 8.364895727664400-01 
A7 = -4.107429940610730-02 
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APPENDIX B 
Individual Data Points for the Addenda 
and Neon Samples Ne4-Ne8 
The following pages list each data point for the addenda and all 
the neon samples. In each case the raw data are listed first, followed 
by the computer analyzed results. Each sample is identified by the 
heading at the top of the page and the columns listing the results are 
self explanatory. 
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ADDENDA DATA FROM ALL RUNS APRIL 10 1970 THERMOMETRY 
PT NO R1 %2 HTRCUR HTRRES TIME 
(OHMS) (OHMS) (MAI (OHMSI (SEC) 
11504 3659. 8000 3369. 2000 0. 044000 0. 53200 28. 806 
11501 3638. 3000 3320. 7000 0. 044000 0. 53200 31. 99? 
11505 3162. 0000 2906. 7000 0. 044000 0. 53200 34. 738 
11502 3106. 0000 2817. 4000 0. 044000 0. 53200 41. 611 
11506 2777. 8000 2570. 8000 0. 044000 0. 53200 37. 327 
11503 2656. 3000 2418. 9000 0. 044000 0. 53200 48. 784 
11507 2450. 300C 2250. 7000 0. 044000 0. 53200 48. 655 
11508 2151. 8000 1972. 6000 0. 044000 0. 53200 59. 500 
11509 1908. 3800 1759. 1500 0. 044000 0. 53200 65. 656 
11510 1715. 6800 1574. 7100 0. 044000 0. 53200 81. 161 
11510 1533. 3200 1403. 1800 0. 100000 0. 53200 19. 692 
11511 1386. 4000 1288. 4000 0. 100000 0. 53200 18. 430 
11512 1277. 5900 1177. 4600 0. 100000 0. 53200 23. 690 
11513 1226. 9800 1132. 0100 0. 100000 0. 53199 25. 060 
11515 1082. 5300 995. 4250 0. 100000 0. 53197 32. 325 
11516 995. 5400 921. 0700 0. 100000 0. 53196 34. 586 
11517 883. 3250 818. 9650 0. 100000 0. 53195 41. 678 
11518 772. 4650 718. 4800 0. 100000 0. 53195 50. 923 
11519 648. 8900 601. 7650 0. 140000 0. 53195 38. 054 
11520 553. 9600 517. 7040 0. 140000 0. 53188 46. 444 
11521 505. 1980 471. 4140 0. 140000 0. 53189 57. 224 
3064 466. 0420 423. 8040 0. 225000 1. 18140 16. 343 
11522 452. 3620 420. 4120 0. 225000 0. 53194 29. 158 
3065 416. 0360 385. 5910 0. 225000 1. 18140 16. 056 
11523 392. 9140 366. 8280 0. 225000 0. 53196 36. 003 
2277 378. 8920 352. 0120 0. 225000 1. 18190 18. 812 
2281 370. 7040 357. 2530 0. 140000 1. 18190 24. 465 
3066 363. 5420 337. 4130 0. 225000 1. 18140 20. 602 
3021 365. 9370 329. 9520 0. 225000 1. 18140 29. 284 
2283 330. 3680 318. 3110 0. 140000 1. 18190 31. 064 
3039 322. 6600 312. 5400 0. 225000 I. 18140 10. 768 
3041 311. 6740 291. 1150 0. 225000 1. 18140 25. 648 
2289 300. 0270 279. 9700 0. 225000 1. 18190 28. 036 
271. 5300 250, 7640 0. 320000 0. 53207 43. 677 
4007 261. 2940 241. 3460 0. 225000 1. 18210 42. 777 
4069 245. 8690 227. 8250 0. 320050 1. 18191 22. 902 
3069 220. 1790 204. 1420 0. 320000 1. 18130 28. 277 
4071 208. 4130 191. 5446 0. 320050 1. 18191 35. 503 
3071 194. 3380 179. 5270 0. 320000 1. 18140 38. 178 
4073 182. 7090 167. 8530 0. 320060 1. 18197 46. 518 
4009 175. 8860 155. 7430 0. 320000 1. 18210 74. 860 
4075 160. 5010 146. 3170 0. 440010 1. 18197 35. 333 
3073 151. 6480 139. 1380 0. 700000 1. 18160 14. 555 
4077 137. 0740 124. 3380 0. 440000 1. 18197 52. 365 
4011 127c 4720 114. 9030 0. 700000 1. 18210 25. 937 
3075 119. 6410 110. 0230 0. 700000 1. 18160 23. 676 
4078 110. 3140 99. 9708 0. 700000 1. 18218 34. 066 
11525 103. 7250 95. 3690 0. 700000 0. 53280 72. 831 
4013 103. 0670 94. 7240 0. 700000 1. 18210 33. 670 





























DATA FROM ALL RUNS APRIL 10 1970 THERMOMETRY 
Rl R2 HTRCUR HTRRES TIME 
(OHMS) (OHMS) (MA) (OHMS) (SEC) 
83. 4355 77.2890 1. 000000 1. 18140 25. 155 
74. 9245 69.6305 1. 400000 0. 53280 36. 415 
69. 7545 64.8260 1. 400000 1. 16520 20. 278 
47. 2941 46.2638 2. 250000 0. 53286 16. 376 
35. 5907 34.7042 1. 400000 0. 53291 136. 760 
33. 4948 32.4840 3. 200000 0. 53309 40. 234 
30. 8629 30.1837 3. 200000 0. 53313 38. 911 
28. 5711 27.8383 3. 200000 0. 53321 60. 497 
26. 6516 26.1169 3. 200000 0. 53328 59. 718 
26. 4093 25.8272 3. 200000 0. 53332 68. 063 
24. 9587 24.4191 3. 200000 0. 53340 80. 973 
23. 3822 22.9798 3. 200000 0. 53349 79. 748 
22. 0058 21.6355 4. 400000 0. 53367 49. 971 
21. 1865 20.8012 4. 400000 0. 53375 60. 757 
20. 7417 20.4183 4. 400000 0. 53380 55. 730 
19. 6389 19.3156 4. 400000 0. 53394 69. 794 
18. 2683 18.0001 4. 400000 0. 53413 77. 165 
17. 1596 16.8188 4. 400000 0. 53435 127. 240 
16. 8188 16.5168 4. 400000 1. 16764 55. 617 
15. 0969 14.9326 7. 000000 0. 53494 38. 873 
14. 2110 14.0412 7. 000000 0. 53514 50. 761 
12. 7657 12.6196 7. 000000 0. 53546 65. 162 
12. 1053 11.9940 7. 000000 0. 53564 60. 102 
11. 5765 11.4737 7. 000000 0. 53571 65. 285 
11. 0684 10.9644 7. 000000 0. 53604 78. 271 
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ADDENDA HEAT CAPACITY RESULTS PAGE 1 
PT NO T CAD CAD/T TSQ 
(K) (MJ/Kt (Mj/K**2l (K*$2) 
11504 1.0155 7.39500-01 7.28230-01 1.0312 
11501 1.0205 7.38550-01 7.23710-01 1.0414 
11505 1.0906 7.89590-01 7.23990-01 1.1894 
11502 1.1041 8.02160-01 7.26560-01 1.2189 
11506 1.1617 8.41860-01 7.24690-01 1.3495 
11503 1.1936 8.75450-01 7.33460-01 1.4247 
11507 1.2417 9.09090-01 7.32130-01 1.5418 
11508 1.3310 9.84090-01 7.39350-01 1.7716 
11509 1.4189 1.05920 00 7.46490-01 2.0132 
11510 1.5079 1.14130 00 7.56900-01 2.2737 
11510 1.6098 1.26180 00 7.83790-01 2.5915 
11511 1.7001 1.32440 00 7.79020-01 2.8902 
11512 1.7901 1.42450 00 7.95780-01 3.2045 
11513 1.8341 1.47700 00 8.05290-01 3.3639 
11515 1.9842 1.64610 00 8.29580-01 3.9370 
11516 2.0881 1.77660 00 8.50830-01 4.3600 
11517 2.2540 1.99420 00 8.84720-01 5.0805 
11518 2.4597 2.28310 00 9.28200-01 6.0500 
11519 2.7689 2.79630 00 1.00990 00 7.6665 
11520 3.0767 3.38680 00 1.10080 00 9.4660 
11521 3.2796 3.82180 00 1.16530 00 10.7557 
3064 3.4983 4.28430 00 1.22470 00 12.2379 
11522 3.5433 4.40960 00 1.24450 00 12.5547 
3065 3.7558 4.92810 00 1.31210 00 14.1064 
11523 3.8951 5.33120 00 1.36870 00 15.1720 
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ADDENDA HEAT CAPACITY RESULTS PAGE 2 








2277 3.9991 5.65000 00 1.41280 00 15.9928 
2281 4.0079 5.65240 00 1.41030 00 16.0632 
3066 4.1138 5.96040 00 1.44890 00 16.9233 
3021 4.1367 6.07830 00 1.46940 00 17.1124 
2283 4.3309 6.70040 00 1.54710 00 18.7565 
3039 4.3917 6.92040 00 1.57580 00 19.2867 
3041 4.5487 7.49400 00 1.64750 JO 20.6908 
2289 4.6655 7.93010 00 1.69970 00 21.7670 
11524 4.9950 9.30660 00 1.86320 00 24.9505 
4007 5.1194 9.85320 00 1.92470 00 26.2084 
4069 5.3159 1.08180 01 2.03500 00 28.2585 
3069 5.6957 1.27760 01 2.24320 00 32.4405 
4071 5.9089 1.39860 01 2.36690 00 34.9154 
3071 6.1581 1.54900 01 2.51540 00 37,9217 
4073 6.4047 1.71040 01 2.67060 00 41.0203 
4009 6.6292 1.86430 01 2.81230 00 43.9456 
4075 6.9415 2.10040 01 3.02580 00 48.1850 
3073 7.1673 2.28480 01 3.18780 00 51.3697 
4077 7.6398 2.69610 01 3.52900 00 58.3663 
4011 7.9940 3.02920 01 3.78940 00 63.9043 
3075 8.2523 3.30670 01 4.00700 00 68.1002 
4078 8.7051 3.81060 01 4.37740 00 75.7781 
11525 8.9956 4.13610 01 4.59790 00 80.9213 
4013 9.0318 4.20030 01 4.65060 00 81.5728 
3077 9.2306 4.45260 01 4.82370 00 85.2046 
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ADDENDA HEAT CAPACITY RESULTS 
PT NO T CAD CAD/T 
PAGE 3 
TSQ 
(KJ (MJ/K) (Mj/K**2) (K$$2I 
3079 10.2724 5. 9547D 01 5.79680 00 105. 5222 
11526 10.9984 7. 20920 01 6.55470 00 120. 9657 
11527 11.5322 8. 1745D 01 7.08850 00 132. 9914 
11528 14.9852 1. 71110 02 1.14190 01 224. 5572 
11540 18.9948 3. 42770 02 1.80450 01 360. 8020 
11541 20.0805 4. 04780 02 2.01580 01 403. 2277 
11542 21.5122 4. 9750D 02 2.31260 01 462. 7738 
11543 23.0872 6. 15370 02 2.66540 01 533. 0182 
11544 24.5051 7. 3539D 02 3.00100 01 600. 5006 
11530 24.7282 7. 55620 02 3.05650 01 611. 4837 
11545 25.9987 8. 76520 02 3.37140 01 675. 9312 
11546 27.4886 1. 03580 03 3.76820 01 755. 6237 
11547 28.9873 1. 20060 03 4.14170 01 840. 2641 
11531 29.9804 1. 31230 03 4.37720 01 898. 8245 
11548 30.5027 1. 38580 03 4.54310 01 930. 4123 
11549 31.9890 1. 57860 03 4.93500 01 1023. 2971 
11550 34.0086 I. 85850 03 5.46470 01 1156. 5862 
11532 35.9510 2. 15030 03 5.98110 01 1292. 4758 
11533 36.5377 2. 24010 03 6.13090 01 1335. 0054 
11534 39.9118 2. 76030 03 6.91600 01 1592. 9528 
11535 42.0251 3. 11350 03 7.40870 01 1766. 1074 
11536 46.0214 3. 78530 03 8.22520 01 2117. 9724 
11537 48.1128 4. 13860 03 8.60190 01 2314. 8442 
11538 49.9907 4. .45320 03 8.90810 01 2499. 0705 
11539 51.9842 4. 81810 03 9.26830 01 2702. 3581 
THERE ARE 75 DATA POINTS 
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NATURAL NEON SAMPLE NE4 RAW DATA TAKEN MAY 14 - JUNE 3t 1970 
PT NO R1 R2 HTRCUR HTRRES TIME 
(OHMS» (OHMSI (MAI (OHMS) (SEC) 
9035 3139.2000 2840.7500 0. 100000 0. 53188 21. 585 
7137 3121.0000 2828.5300 0. 100000 0. 53188 21. 184 
9035 2831.7800 2570.8100 0. 100000 0. 53188 25. 347 
7137 2825.4400 2558.6200 0. 100000 0. 53188 26. 015 
9035 2574.8000 2339.8000 0. 100000 0. 53188 30. 005 
7137 2561.4400 2328.8300 0. 100000 0. 53188 30. 057 
9035 2345.1100 2150.0800 0. 100000 0. 53188 32. 460 
7137 2336.0600 2116.6700 0. 100000 0. 53188 37. 9,10 
9035 2145.7400 1950.1300 0. 100000 0. 53188 43. 439 
7137 2118.2400 1934.3100 0. 100000 0. 53188 42. 065 
9035 1948.3400 1780.4200 0. lOOOOO 0. 53188 50. 086 
7137 1937.8500 1756.5800 0. 100000 0. 53188 55. 458 
9037 1876.4900 1719.9800 0. 140000 0. 53188 26. 702 
9035 1777.1900 1599.2100 0. 100000 0. 53188 72. 500 
7137 1761.9500 1603.6000 0. 140000 0. 53188 33. 269 
9037 1719.1100 1569.1100 0. 140000 0. 53188 34. 138 
7137 1609.7300 1456.9700 0. 140000 0. 53188 43. 490 
9037 1569.0400 1438.4700 0. 140000 0. 53188 39. 785 
7137 1461.5800 1327.0700 0. 140000 0. 53188 52. 579 
7137 1332.8200 1207.2700 0. 140000 0. 53188 67. 452 
7139 1289.8400 1189.2900 0. 225000 0. 53190 22. 778 
7141 1188.4000 1095.0900 0. 225000 0. 53190 28. 140 
7143 851.5590 775.0020 0. 225000 0. 53190 78. 891 
7145 577.1650 533.8470 0. 440000 0. 53190 49. 367 
7147 381.4800 352.4000 0. 700000 0. 53214 64. 041 
7149 271,1790 249.8810 1. 000000 0. 53225 81. 483 
8005 204.0820 184.8660 1. 400000 0. 53225 104. 600 
8007 157.7880 144.7730 2. 250000 0. 53253 63. 611 
8009 126.3280 115.8250 3. 200000 0. 53264 52. 715 
8011 103.7410 95.2445 4. 400000 0. 53270 42. 886 
8013 87.5415 80.2385 4. 400000 0. 53281 64. 814 
8015 75.1805 69.4730 7. 000000 0. 53295 32. 903 
8017 65.8425 60.9645 7. 000000 0. 53310 44. 211 
8019 60.9793 59.2652 4. 400000 0. 53290 46. 917 
8021 59.2669 57.9388 4. 400000 0. 53290 39. 789 
8023 56.5380 53.2169 7. 000000 0. 53310 49. 746 
8025 51.3401 49.8837 7. 000000 0. 53315 28. 390 
8027 49.8907 48.5725 7. oooooo 0. 53310 28. 145 
8029 48.5783 47.3383 7. 000000 0. 53308 28. 394 
8031 47.3475 46.1365 7. oooooo 0. 53308 29. 817 
8035 44.9403 43.8826 7. oooooo 0. 53308 30. 816 
9005 42.2163 39.8116 7. oooooo 0. 53309 90. 930 
9007 39.8104 37.5540 7. oooooo 0. 53318 103. 120 
9009 37.5535 35.4725 7. oooooo 0. 53324 114. 230 
9011 35.4728 33.5272 7. oooooo 0. 53325 127. 410 
9013 33.5270 31.7034 7. oooooo 0. 53330 141. 600 
9015 31.7054 30.0016 7. oooooo 0. 53341 155. 940 
9017 30.0027 28.4557 10. oooooo 0. 53390 81. 170 
9019 28.4549 26.9443 10. oooooo 0. 53395 92. 230 
















NEON SAMPLE NE4 RAW DATA TAKEN MAY 14 - JUNE 3* 1970 
Rl R2 HTRCUR HTRRES TIME 
(OHMS) (OHMSI (MAI (OHMS) (SEC) 
26. 9438 25.5227 10. 000000 0. 53397 100.790 
25. 6832 24.3262 7. 000000 0. 53354 223.330 
25. 5233 24.1676 4. 400000 0. 53300 573.790 
24. 3277 23.0480 10. 000000 0. 53409 119.510 
24. 1945 22.9096 10. 000000 0. 53409 121.890 
23. 0494 21.8033 7. 000000 0. 53360 274.010 
22. 9054 21.6622 10. 000000 0. 53409 136.550 
21. 8033 20.6261 7. 000000 0. 53390 299.950 
21. 6621 20.5390 10. 000000 0. 53437 142.480 
20. 4685 19.9595 10. 000000 0. 53437 72.034 
19. 9596 19.8434 10. 000000 0. 53437 17.102 
19. 8436 19.6808 10. 000000 0. 53437 24.508 
19. 6814 19.5113 10. 000000 0. 53437 27.669 
NATURAL NEON SAMPLE NE4 MASS «  0 .2142  MOLE VO «  13 .39  
PT NO T CV C MEASURED % OIFF THETA 
(K1 (MJ/MOLE Kl  (MJ/MOLE K» IN CV (Kl  
9035  1 .0989  6 .13270  00  6 .13270  00  0 .000  74 .933  
7137  1 .1017  6 .05210  00  6 .05210  00  0 .000  75 .453  
9035  1 .1562  7 .183BD 00  7 .18380  00  0 .000  74 .789  
7137  1 .1583  7 .1519D 00  7 .15190  00  0 .000  75 .034  
9035  1 .2136  e .25710  00  8 .25710  00  0 .000  74 .942  
7137  1 .2167  8 .26690  00  8 .28690  00  0 .000  75 .044  
9035  1 .2713  9 .47640  00  9 .47640  00  0 .000  74 .983  
7137  1 .2780  9 .T361D 00  9 .73610  00  0 .000  74 .701  
9035  1 .3362  1 .10580  01  1 .10580  01  0 .000  74 .861  
7137  1 .3438  1 .11990  01  1 .11990  01  0 .000  74 .967  
9035  1 .4062  1 .29310  01  1 .29310  01  0 .000  74 .776  
7137  1 .4137  1 .30540  01  1 .30540  01  0 .000  74 .937  
9037  1 .4345  1 .37290  01  1 .37290  01  0 .000  74 .773  
9035  1 .4868  1 .51440  01  1 .51440  01  0 .000  75 .003  
7137  1 .4690  1 .52480  01  1 .52480  01  0 .000  74 .946  
9037  1 .5086  1 .59650  01  1 .59650  01  0 .000  74 .761  
7137  1 .5703  1 .78820  01  1 .78820  01  0 .000  74 .949  
9037  1 .5876  1 .85980  01  1 .85980  01  o.ooo 74 .790  
7137  1 .6595  2 .11350  01  2 .11350  01  0 .000  74 .916  
7137  1 .7545  2 .5000D 01  2 .50000  01  0 .000  74 .890  
7139  1 .7796  2 .62140  01  2 .62150  01  0 .000  74 .769  
7141  1 .8711  3 .05080  01  3 .05080  01  0 .000  74 .739  
7143  2 .3233  5 .92200  01  5 .92210  01  0 .000  74 .391  
7145  3 .0022  1 .32740  02  1 .32740  02  0 .001  73 .456  
7147  3 .9886  3 .37T9D 02  3 .37790  02  0 .005  71 .480  




(MJ/M K4I  
TSO 
(K**2;  
TH/THO T/THO CAO/CTOT 
X 
74 .933  4 .62120  00  l  .207620  0 .9926  0 .0145b 37 .800  
75 .453  4 .52640  00  1  .213664  0 .9995  0 .01459  38 .173  
74 .789  4 .64800  00  1  .336783  0 .9907  0 .01532  35 .374  
75 .034  4 .60250  00  1  .341593  0 .9940  0 .01534  35 .520  
74 .942  4 .61950  00  1  .472839  0 .9927  0 .01608  33 .410  
75 .044  4 .60070  00  1  .480397  0 .9941  0 .01612  33 .392  
74 .983  4 .61210  00  1  .616209  0 .9933  0 .01684  31 .511  
74 .701  4 .66420  00  1  .633333  0 .9896  0 .01693  31 .056  
74 .861  4 .63450  00  1  .785560  0 .9917  0 .01770  29 .432  
74 .967  4 .61480  00  1  .805796  0 .9931  0 .01780  29 .303  
74 .778  4 .65000  00  1  .977513  0 .9906  0 .01863  27 .452  
74 .937  4 .62050  00  1  .998534  0 .9927  0 .01873  27 .387  
74 .773  4 .65080  00  2  .057857  0 .9905  0 .01900  26-734  
75 .003  4*60810  00  2  .210468  0 .9936  0 .01969  25 .671  
74 .948  4 .61850  00  2  -217235  0 .9928  0 .01972  25 .576  
74 .781  4 .64950  oc 2  .275982  0 .9906  0 .01998  25 .011  
74 .949  4 .61820  00  2  .465867  0 .9928  0 .02080  23 .838  
74 .790  4 .64780  00  2  .520418  0 .9907  0 .02103  23 .381  
74 .918  4 .62400  00  2  .754106  0 .9924  0 .02198  22 .  137  
74-890  4 .62920  00  3  .078134  0 .9920  0 .0 :324  20 .561  
74 .769  4 .65160  00  3  .  166840  0 .9905  0 .02357  20 .105  
74 .739  4 .6572D 00  3  •  501000  0 .9901  0 .02479  18 .819  
74 .391  4 .72260  00  5  .397527  0 .9854  0 .03078  14 .144  
73 .456  4 .90550  00  9  .013120  0-9731  0 .03977  10 .218  
71 .476  5 .32330  00  15  .908723  0 .9469  0 .05264  7 .194  
NATURAL NEON SAMPLE NE* MASS •  0 .21*2  MOLE VO «  13 .39  
PT NO T CV C MEASURED t OIFF THETA 
\ K i  (MJ/MOLE Kf  (MJ/MOlf  K)  CN CV <K> 
71*9  5 .0029  7 .25690  02  7 -25780  02  0 .  013  69 .444  
8005  6 -0131  1 .32720  03  1 .32760  03  0 .  028  68 .034  
8007  6 .9990  2 .11740  03  2 .11850  03  0 .  051  67 .231  
8009  7 .9952  3 .09170  03  3 .09430  03  0 .  086  66 .738  
8011  8 .9989  4 .2U3D 03  4*21890  03  0 .  I3 t  66 .367  
8013  9 .9998  5 .43480  03  5 .44510  03  0 .  188  65 .987  
8015  10 .9951  6 .7097D 03  6 .72690  03  0 .  256  65 .559  
8017  12 .0083  8 .05600  03  8 .08300  03  0 .  336  64 .938  
8019  12 .4472  8 .59270  03  3 .62460  03  0 .  371  64 .851  
8021  12 .6727  8 .90060  03  8 .93550  03  0 .  392  64 .651  
8023  13-2925  9 .74560  03  9 .78950  03  0 .  450  64 .065  
8025  14 .1062  1-0S73D 04  1 .06280  04  0 .  519  64 .352  
8027  14 .4053  1 .08680  04  1 .09270  04  0 .  545  64 .445  
8029  14 .6984  1 .09600  04  1 .10210  04  0 .  561  65 .357  
8031  14 .9951  1 .10940  04  1 .11580  04  0 .  579  66 .088  
8035  15 .6142  1 .16500  04  1 .17240  04  0 .  633  66 .  32  8  
9005  16 .6701  1 .25310  04  •  1 .26220  04  0 .  728  66 .773  
9007  17 .5065  1 .32040  04  1 .33100  04  0 .  806  67 .003  
9009  18 .3895  1 .38620  04  1 .39850  04  0 .  890  67 .266  
9011  19 .3165  1 .45020  04  1 .46440  04  0 .  979  67 .546  
9013  20 .2940  1 ,51090  04  1 .52710  04  1 .  072  67 .916  
9015  21 .3189  1 .56940  04  1 .58790  04  1 .  171  68 .298  
9017  22 .3721  1 .62870  04  I  . 64940  04  1. 277  68 .464  
9019  23 .4748  1 .68240  04  1 .70570  04  1 .  386  68 .697  
6141  24 .4826  1 .72280  04  1 .74630  04  1 .  481  69 .288  
CC/MOLf  TNETAO «  75 .  49  K PACE 2  
THETA H  CV/T#*3  TSQ TH/THO T /THO CAO/CTOT 
(Kl  ( M J /M K4;  X  
69 .441  5*79550  00  25*028636  0*  9199  0 .06627  5- 663  
68 .028  6*10450  00  36*157076  0 .  9012  0 .07965  4 .  881  
67 .218  6*17600  00  48 .985825  0*  8906  0 .09271  4 .  518  
66 .716  6*04930  00  63 .923586  0 .  8841  0 ,10591  4 .  383  
66 .330  5*78170  00  80 .980348  0 .  8791  0 .11921  4 - 396  
65 .930  5*43520  00  99 .995792  0 .  8741  0 .13247  4 .  529  
65-474  5 .04790  00  120*891540  0 .  6684  0*14565  4 .  740  
64 .815  4*65230  00  144 .199684  0 .  8602  0 .15907  5 .  021  
64 .709  4*45570  00  154 .932877  0 .  8591  0 .16489  5 .  194  
64 .496  t .37330  00  160 .598326  0 .  8564  0 .16787  5 .  268  
63 .077  4 .14940  00  176 .691344  0 .  8487  0 .17608  5 .  490  
64 .119  3*76670  00  198*986187  0 .  8525  0 .18686  5 .  959  
64 .193  3*63560  00  207 .513432  0 .  8537  0 .  19082  6 .  142  
65 .092  3*45140  00  216 .042237  0 .  6656  0 .19471  6 .  432  
65 .808  3*29030  00  224 .853272  0 .  8755  0 .19864  6 .  709  
66 .004  3*06030  00  243*803872  0*  8786  0 .20684  7 .  144  
66 .365  2*70500  00  277 .893725  0 - 8645  0 .22083  7 .  957  
66 .518  2*46100  00  306 .477763  0 .  8676  0 .23190  8. 645  
66 .691  2*22900  00  338*174429  0 .  8911  0 .24360  9 .  430  
66*863  2*01210  00  373*126569  0 .  8948  0*25586  l o ­ 317  
67 .109  1 .80770  00  411*847197  0 .  6997  0 .  26883  l l .  330  
67 .346  1*61980  00  454*494561  0 .  9047  0 .28241  12 .  464  
67 .342  1*45450  00  500 .512263  0 .  9069  0 .29636  13 .  670  
67 .385  1*30050  00  551 .067733  0 .  9100  0*31097  15 .  026  
67*821  1 .17400  00  599 .398913  0*  9178  0*32432  16 .  359  
NATURAL NEON SAMPLE NE4 MASS «  0 .2142  MOLE 
OT NO T CV C MEASURED % OIFF 
(K)  (MJ/MOLE K|  (MJ/MOLE K)  I h  1  CV 
9021  24  .6437  1  .73390  04  1  .75990  04  1 .  501  
8143  25  .7194  1  .77220  04  1  •80060  04  1 .  603  
9023  25  •  8660  1  .77300  04  1  •80160  04  1 .  613  
8145  26  .9826  1  .82550  04  1  .85710  04  1 .  734  
9025  27  .1202  1  .83110  04  1  .86310  04  1 .  749  
8147  28  .3156  1  •86340  04  1  .89810  04  1 .  860  
9027  28  .4745  1  .87620  04  1  •91150  04  1 .  884  
8149  29  -7240  I  .90990  04  1  .94820  04  2 .  004  
9029  29  .8625  1  .92070  04  I  •95960  04  2 .  025  
8131  30  .9826  1  .94510  04  1  .98650  04  2 .  130  
8131  31  .3990  1  .95200  04  I  .99430  04  2 .  167  
8131  31  .5900  1  .96750  04  2  •01080  04  2 .  198  
8131  31  •  8204  2  •12240  04  2  .17320  04  2 .  393  
THERE ARE 63  DATA POINTS 




(MJ/M K4)  
TSQ 
(K*$2I  
TH/THO T/THO CAO/CTOT 
% 
67 .599  1 .15850  00  607 .  311311  0 .  9154  0 .  32645  16 .  537  
68 .089  1 .04170  00  661 .  485633  0 .  9247  0 .  34070  18 .  022  
68 .416  1 .02450  00  669 .  047910  0 .  9293  0 .  34264  18 .  264  
67 .784  9 .29230-01  728 ,  058761  0 .  9252  0 .  35743  19 .  710  
67 .735  9 .17970-01  735 .  507774  0 .  9250  0 .  35926  19 .  895  
68 .286  8 .20790-01  801 .  771289  0 .  9365  0 .  37509  21 .  650  
67 .718  8 .12650-01  810 .  796768  0 .  9300  0 .  37720  21 .  805  
67 .944  7 .27270-01  883 .  516548  0 .  9380  0 .  39375  23 .  621  
67 .393  7 .21260-01  891 .  770205  0 .  9316  0 .  39558  23 .  752  
67 .791  6 .54010-01  959 .  921618  0 .  9414  0 .  41042  25 .  407  
68-074  6 .30560-01  985 .  895868  0 .  9468  0 .  41594  26 .  035  
67 .142  6 .24130-01  997 .  929803  0 .  9360  0 .  41847  26 .  197  
53 .688  6 .58750-01  1012 .  535065  0 .  7712  0*  42152  25 .  094  
132 
NATURAL NEON SAMPLE NE5 RAW DATA TAKEN JUNE 8-14, 1970 
PT NO R1 R2 HTRCUR HTRRES TIME 
(OHMSJ (OHMS) (MA) (QHMSI (SEC) 
9065 3271. 7100 2959. 6000 0. 100000 0. 53189 19. 158 
9065 2960. 3000 2677. 0000 0. 100000 0. 53189 23. 015 
9067 2667. 1500 2418. 3800 0. 100000 0. 53189 27. 211 
9069 2345. 4900 2138. 82 00 0. 100000 0. 53189 32. 880 
9071 2129. 2800 1949. 6800 0. 100000 0. 53189 38. 176 
9071 1948. 8800 1778. 4300 0. 100000 0. 53189 47. 958 
9073 1770. 0000 1618. 8100 0. 100000 0. 53189 57. 640 
9075 1626. 4000 1489. 3000 0. 140000 0. 53189 34. 947 
9077 1492. 8200 1374. 4500 0. 140000 0. 53189 39. 765 
9079 1369. 4700 1264. 6800 0. 140000 0. 53189 46. 893 
9081 1250. 0900 1149. 3700 0. 140000 0. 53189 62. 122 
9083 1150. 4200 1059. 4100 0. 225000 0. 53189 28. 930 
9085 1060. 1800 979. 3550 0. 225000 0. 53189 34. 107 
9087 1015. 9800 924. 4600 0. 225000 0. 53189 46. 290 
9089 926. 3100 8 54. 1150 0. 225000 0. 53189 49. 876 
9091 752. 2240 699. 6460 0. 320000 0. 53189 38. 110 
9093 633. 0950 587. 8280 0. 320000 0. 53182 63. 170 
9095 523. 4430 485. 7860 0. 440000 0. 53182 57. 484 
9097 441. 5050 410. 7670 0. 700000 0. 53182 35. 326 
9099 378. 0600 352. 0700 0. 700000 0. 53245 53. 657 
10017 305. 1370 296. 1870 0. 320000 0. 53200 181. 760 
10019 295. 9400 286. 7230 1. 000000 0. 53225 21. 533 
10021 286. 5370 260. 5750 1. 000000 0. 53205 76. 560 
9101 271. 6560 250. 4170 1. 000000 0. 53195 73. 994 
10039 270. 8580 250. 8030 2. 250000 0. 53232 13. 815 
9103 203. 0310 187. 1700 2. 250000 0. 53257 30. 286 
10041 157. 6580 145. 1020 2. 250000 0. 53246 56. 350 
9105 157. 9100 144. 8030 2. 250000 0. 53261 58. 883 
9107 125.3970 115. 9150 3. 200000 0. 53271 46. 819 
10023 113. 0110 101. 2140 7. 000000 0. 53280 17. 097 
10033 103. 5440 95. 2255 4. 400000 0. 53279 38. 843 
10035 94. 9075 87. 1255 4. 400000 0. 53282 48. 524 
10037 87. 1275 80. 4860 4. 400000 0. 53281 54. 331 
10029 74. 9040 69. 4270 7. 000000 0. 53305 29. 080 
10031 69. 4310 64. 9330 4. 400000 0. 53288 76. 836 
10027 65. 7480 61. 1185 7. 000000 0. 53310 37. 947 
10025 65. 5550 61. 1200 7. 000000 0. 53310 36. 535 
9117 58. 6295 54. 7220 7. oobooo 0. 53310 47. 018 
10049 52. 9094 49. 5343 10. 000000 0. 53305 28. 125 
10047 52. 8168 49. 5550 7. 000000 0. 53295 55. 588 
9121 52. 8225 49. 4287 7. 000000 0. 53295 58. 117 
9123 48. 2171 45. 2790 10. 000000 0. 53310 33. 497 
9125 44. 4281 41. 7832 10. 000000 0. 53315 39. 753 
10043 41. 2233 38. 8746 7. 000000 0. 53317 92. 190 
10051 41. 2587 38. 8353 10. 000000 0. 53325 46. 641 
9127 41. 2381 38. 8136 10. 000000 0. 53325 46. 764 
10045 38. 5421 36. 3272 7. 000000 0. 53320 108. 610 
10053 38. 5373 36. 3263 10. 000000 0. 53380 53. 163 
9129 38. 5464 36. 2898 10. 000000 0. 53380 5&. 512 























NEON SAMPLF NE5 RAW DATA TAKEN JUNE 8-14, 1970 
R1 R2 HTRCUK HTRRES TIME 
(OHMS) (OHMS) IMA» (OHMS) (SEC) 
36. 1540 34. 1341 10. 000000 0.53308 59. 719 
34. 0958 32. 2084 10. 000000 0.53313 66. 984 
33. 7015 32. 5870 7. 000000 0.53332 80. 304 
33. 6976 32. 5822 7. 000000 0.53332 80. 368 
31. 3872 29. 7000 10. 000000 0.53321 76. 573 
27. 5051 26. 5477 7. 000000 0.53350 125. 900 
26. 5482 25. 5605 7. 000000 0.53354 143. 830 
24. 1277 23. 1548 10. 000000 0.53409 90. 684 
22. 0861 21. 5315 7. 000000 0.53395 130. 430 
19. 6968 19. 2465 10. 000000 0.53454 70. 099 
19. 5826 19. 3376 7. 000000 0.53420 78. 130 
18. 1209 17. 8420 10. 000000 0.53470 53. 741 
17. 8415 17. 5441 10. 000000 0.53470 59. 896 
17. 5439 17. 3146 10. 000000 0.53480 48. Oil 
17. 4412 17. 2807 7. 000000 0.53435 69. 324 
17. 2810 17. 1059 7. 000000 0.53435 77. 656 
17. 1067 16. 9320 7. 000000 0.53435 79. 570 
16. 9335 16. 7210 7. 000000 0.53435 100. 590 
16. 7235 16. 4727 7. 000000 0.53435 156. 830 
16. 4752 16. 3042 7. 000000 0.53435 120. 970 





PT  NO T CV C MEASUREO X  DIFF THETA 
IK)  IMJ/MOLE K)  IMJ/HOLE K» ÎN CV IK)  
9065  1  .0769  5 .19710  00  5 .19710  00  0 .000  77 .593  




0 0  0 .000  77 .684  
9067  I  .1925  7 ,03400  00  7 .03400  00  0 .000  77 .679  
9069  1  . 2731  8 .58830  00  8 .58830  00  0 .000  77 .591  
9071  1  .3390  1 .00230  01  1 .00230  01  0 .000  77 .513  
9071  1  .4066  1 .16190  01  1 .16190  01  0 .000  77 .513  
9073  I  . 4831  1 .3655D 01  1 .36550  01  0 .000  77 .445  
9075  1  .5556  1 .57230  01  1 .57230  01  0 .000  77 .503  
9077  1  .6322  1 .82180  01  1 .82180  01  0 .000  77 .420  
9079  1  .7159  2 .1227D 01  2 .12270  01  0 .  000  77 .348  
9081  1  .8153  2 .51750  01  2 .51750  01  0 .000  77 .306  
9083  1  .9094  2 .9297D 01  2 .92970  01  0 .000  77 .306  
9085  2  .0074  3 .40840  01  3 .40840  01  0 .000  77 .276  
9087  2  .0725  3 .76110  01  3 .76110  01  0 .000  77 .207  
9089  2  .1895  4 -45540  01  4 .45540  01  0 .000  77 .086  
9091  2  .5037  6 .72770  01  6 .72770  01  O.OOl  76 .832  
9093  2  .8145  9 .71220  01  9 .71230  01  0 .001  76 .420  
9095  3  .2067  1 .47120  02  1 .47120  02  0 .002  75 .816  
9097  3  .6014  2 .14790  02  2 .14800  02  0 .003  75 .056  
9099  4  .0018  3 .04820  02  3 .04830  02  0 .004  74 .214  
10017  4  .5539  4 .70420  02  4 .70460  02  0 .007  73 .074  
10019  4  .6494  5 .05200  02  5 .05240  02  0 .008  72 .851  
10021  4  •  8490  5 .81550  02  5 .81610  02  0 .010  72 .488  
9101  4  .9966  6 .42760  02  6 .42830  02  O.Ol l  72 .235  
10039  4  .9987  6 .4315D 02  6 .43220  02  0 .011  72 .251  




IMJ/M K4)  
TSO 
IK**2)  
TH/THO T /THC CAD/CTOT 
% 
77 .593  4 .16190  00  1  .159618  0 .  9985  0 .01396  40 .659  
77 .684  4-14740  00  1  .280865  0 .  9997  0 .0145b 38 .421  
77 .679  4 .14830  00  1  .421953  0 .  9996  0 .01534  36 .058  
77 .591  4 .16240  00  I  .620714  0 .  9985  0 .01638  33 .163  
77-513  4 .17500  00  1  -792962  0 .  9975  0 .01723  31 .030  
77 .513  4 .17520  00  1  .978483  0 .  9975  0 .01810  29 .132  
77 .445  4 .18590  00  2  .199595  0 .  9966  0 .01909  27-148  
77 .503  4 .17660  00  2  -419947  0 .  9973  0 .02002  25 .557  
77 .420  4 .19000  00  2  .663914  0 .  9963  0 .02100  23-953  
77 .348  4 .20180  00  2  .944192  0 .  9953  0 .02208  22 .403  
77 .306  4 .20860  00  3  -295302  0 .  9948  0 .02336  20 .810  
77 .306  4 .20860  00  3  -645631  0 .  9948  0 .02457  19 .512  
77-276  4 .21340  00  4  .029712  0 .  9944  0 .02583  18 .299  
77-207  4 .22480  00  4  -295461  0 .  9935  0 .02667  17-542  
77 .086  4 .24470  00  4  .793980  0 .  9920  0 .02818  16 .320  
76 .832  4 .28690  00  6  .268274  0 .  9887  0 .0322?  13 .749  
76 .420  4 .35630  00  7  .921310  0 .  9834  0 .03622  11 .875  
75 .816  4 .46160  00  10  .282906  0 .  9756  0 .04126  10 .199  
75-056  4 .59840  00  12  .970166  0 .  9659  0 .04634  8 .775  
74 .213  4 .75640  00  16  .014297  0 .  9550  0 .05150  7 .785  
73 .072  4 .98130  00  20  .737948  0 .  9403  0 .05860  6 .  779  
72 .849  5 .02670  00  21  .616530  0 .  9375  0 .05983  6 .626  
72 .486  5 .10080  00  23  .512658  0 .  9328  0 .06240  6 .  362  
72 .232  5 .1526D 00  24  .965800  0 .  9295  0 .06430  6 .  186  
72 .248  5 .14920  00  24  .987001  0 .  9298  0 .06433  6 .  189  
NATURAL NEON SAMPLE NE5 MASS «  0 .2195  MOLE VO »  13 .24  
(  T  NO T CV C MEASURED % OIFF THETA 
(Kf  (MJ/MOtE Kl  Kt  IN CV (K)  
9103  5  •  9991  1 .1749D 03  1 .17520  03  0 .025  70 .766  
10041  6  .9958  1 .89150  03  1 .89240  03  0 .046  69 .962  
9105  6  •  9970  1 .89340  03  1 .89420  03  0 .046  69 .950  
9107  7  .9994  2 .77710  03  2 .77930  03  0 .076  69 .554  
1 0023  8  .6107  3 .3804D 03  3 .38380  03  0 .102  69 .424  
0033  9  .0045  3 .78300  03  3 .78760  03  0 .119  69 .414  
.0035  9  .5040  4 .31560  03  4 .32160  03  0 .144  69 .390  
0037  10  .0041  4 .86170  03  4 .87000  03  0 .171  69 .397  
.0029  11  .0103  5 .97920  03  5 .99300  03  0 .231  69 .480  
.0031  11  •  5429  6 .57250  03  6 .59000  03  0 .266  69 .546  
0027  12  •  0032  7 .08180  03  7 .10290  03  0 .298  69 .611  
.0025  12  .0147  7 .09560  03  7 .11680  03  0 .299  69 .607  
9117  12  .9889  8 .1527D 03  8 .18300  03  0 .372  69 .767  
.0049  13  .9898  9 .18310  03  9 .22460  03  0 .452  70 .017  
10047  13  .9963  9 .1667D 03  9 .22820  03  0 .452  70 .033  
9121  14  .0098  9^20560  03  9 .24740  03  0 .453  70 .011  
9123  15  .0043  1 .01830  04  1 .02380  04  0 .538  70 .240  
9125  16  •  0057  1 .11100  04  1 .11800  04  0 .626  70 .466  
10043  17  .0033  1 .19660  04  1 .20520  04  0 .717  70 .727  
10051  17  .0049  1 .19740  04  1 .2060D 04  0 .718  70 .696  
9127  17  .0124  1 .19860  04  1 .20720  04  0 .719  70 .672  
10045  18  •  0016  1 .27660  04  1 .28700  04  0 .811  70 .974  
10053  18  .0027  1 .27890  04  1 .28930  04  0 .812  70 .867  
9129  18  .0089  1 .28410  04  1 .29460  04  0 .816  70 .643  
10055  17  .9975  1 .27280  04  1 .28310  04  0 .808  71 .141  




(MJ/M K4)  
TSO 
(K*»2*  
TH/THO T/THO CAO/CTOT 
t  
70 .760  5 .44200  00  35 .  988638  0 .9106  0 .  07720  5 .324  
69 .951  5 .52460  00  46 .  941334  0 .9003  0 .  09002  4 .910  
69 .936  5 .52720  00  48 .  957456  0 .9001  0 .  09004  4 .907  
69 .533  5 .42530  00  63 .  990682  0 .8950  0 .  10294  4 .750  
69 .396  5 .29480  00  74 .  144235  0 .6934  0 .  11061  4 .740  
69 .361  5 .18160  00  81 .  081322  0 .6932  0 .  11587  4 .768  
69 .348  5 .02710  00  90  •  325851  0 .8929  0 .  12230  4 .840  
69 .345  4 .85570  00  100 .  0826:9  0 .8930  0 .  12874  4 .927  
69 .404  4 .47960  00  121 .  227295  0 .6941  0 .  14168  5 .187  
69 .453  4 .27350  00  133 .  239059  0 .8949  0 .  14854  5 .365  
69 .503  4 .09500  00  144 .  076535  0 .8958  0 .  15446  5 .539  




 0 0  144 .  353711  0 .8957  0 - 15461  5 .543  
69 .620  3 .72030  00  168 .  711833  0 .8978  0 .  16715  5 .973  
69 .822  3U3540D 00  195 .  714021  0 .9010  0 .  18003  6 .505  
69 .837  3 .35050  00  195 .  897796  0 .9012  0 .  18011  6 .511  
69 .814  3 .34780  00  196 .  273371  0 .9009  0 .  18028  6 .515  
69 .985  3 .01460  00  225 .  129903  0 .9039  0 .  19308  7 .117  
70 .142  2 .70960  00  256 .  182666  0 .9068  0 .  20597  7 .800  
70 .324  2 .43420  00  289 .  113047  0 .9101  0 .  21880  6 .561  
70 .292  2*43510  00  289 .  166239  0 .9097  0 .  2188?  8 .558  
70 .268  2 .43430  00  289 .  422411  0 .9094  0 .  21092  8 .560  
70 .479  2 .18840  00  324 .  056167  0 .9133  0 .  23165  9 .394  
70 .371  2 .19200  00  324 .  096581  0 .9119  0 .  ,23166  9 .380  
70 .144  2 .19860  00  324 .  321669  0 .9091  0 .  23175  9 .354  
70 .649  2 .16330  00  323 ,  ,909130  0 .9155  0 .  23160  9 .414  
NATURAL NEON SAMPLE NE5 MASS =  0 ,2195  MOLE 
P  •  NO T CV C MEASURED X  OIFF 
(Kl  IMJ/MOIE ;  Ki  (HJ/NOLE KI  IN 1 CV 
H31  19 .0081  1 .3570D 04  1  ,36940  04  0 .  911  
n33  20 .0042  1 .42440  04  I  .43880  04  1 .  007  
1  )057  19 .9987  1 .41710  04  1  .43130  04  1 .  002  
I  3063  20 .0010  1 .41660  04  1  .43070  04  I .  002  
»135  21 .5116  1 .51110  04  1  .52850  04  1 .  151  
I  5059  23 .9684  1 .63680  04  1  .65960  04  1 .  393  
I  )061  24 .7870  1 .67260  04  1  .69720  04  I .  472  
1 J065  27 .0231  2 .76B6D 04  1  .79870  04  1 .  701  
I  3067  29 .0030  1 .82850  04  1  .86300  04  1 .  891  
1 )005  31 .9985  1 .91690  04  1  .95900  04  2 .  194  
10069  32 .0126  1 .92170  04  1  .96400  04  2 .  201  
noil  34 .2551  1 .9764D 04  2  .02440  04  2.  427  
10013  34 .7311  1 .98960  04  2 . 03890  04  2 .  479  
10015  35 .1768  1 .99610  04  2 •04640  04  2 .  520  
10073  35 .2939  1 .99700  04  2 -04750  04  2 .  529  
10073  35 .5860  2 .00420  04  2 . 05550  04  2 .  560  
10073  35 .8949  2 .00840  04  • '  2  . 06040  04  2 .  589  
10073  36 .2427  2 .03860  04  2 . 09270  04  2.  655  
10073  36 .6671  2 .84860  04  2  .95670  04  3 .  795  
10073  37 .0609  3 .21190  04  3  .35150  04  4 .  348  
THERE ARE 70  DATA POINTS 






(MJ/M K4I  
TSO 
<K$$2#  
TH/THQ T/THO CAO /CTOr 
z 
70 .949  70 .346  1 .97590  00  361 .306943  0 .  9130  0 .  24460  10 ,  270  
71 .241  70 .522  1 .77940  00  400 .167785  0 .  9168  0 .  25742  I I .  253  
71 .591  70 .878  1 .77170  00  399 .947541  0 .  9213  0 .  25735  I I .  297  
71 .625  70 .912  1 .7704D 00  400 .040441  0 .  9217  0 .  25738  11 .  304  
71 .980  71 .063  1 .51800  00  462 .747047  0 .  9263  0 .  27682  12 .  913  
72 .936  71 .618  1 .18580  00  575 .444038  0 .  9386  0 .  30869  15 .  910  
73 .128  71 .655  1 .09830  00  614 .397241  0 .  9410  0 .  31897  16 .  942  
73 .575  71 .664  8 .96240-01  730 .248324  0 .  9468  0 .  34774  19 .  899  
74 .863  72 .442  7 .49470- 01  841 .176881  0 .  9634  0 .  37322  22 .  739  
75 .665  72 .266  5 .85080-01  1023 .902774  0 .  9737  0 .  41177  26 .  913  
75 .316  71 .891  5 .65760- 01  1024 .805188  0 .  9692  0 .  41195  26 .  886  
75 .836  71 .594  4 .9171001  1173 .412639  0 .  9759  0 - 44081  29 .  424  
75 .716  71 .275  4 .74910- 01  1206 .248977  0 .  9743  0 .  44693  30 .  525  
76 .096  71 .498  4 .58590-01  1237 .408362  0 .  9792  0 .  45267  31 .  142  
76 .276  71 .641  4 .54220-01  1245 .657971  0 .  9815  0 .  45417  31 ,  313  
76 .243  71 .483  4 .4473D-01  1266 .364244  0 .  9811  0 .  45793  31 .  679  
76 .512  71 .639  4 .34260- 01  1288 .446448  0 .  9846  0 .  46191  32 .  099  
74 .408  69 .220  4 .28220-01  1313 .536696  0 .  9575  0 .  46638  32 .  286  
0 .0  0 .0  5 .77830-01  1344 .472650  0 .  ,0  0 .  47184  25 .  781  
0 .0  0 .0  6 .30980- 01  1373 .507532  0 .  0  0 .  47691  23 .  932  
137 
NATURAL NEON SAMPLE NE6 RAW DATA TAKEN JUNE 17-21, 1970 
PT NO R1 R2 HTRCUR HTRRES TIME 
(OHMS) (OHMS) (MA) (OHMS# (SEC) 
10088 3530. 3200 3192, 1600 0. 100000 0. 53193 15. 277 
10088 3190. 9300 2887. 9600 0. 100000 0. 53193 18. 000 
10089 2907. 5200 2638. 4900 0. 100000 0. 53193 20. 675 
10090 2639. 4400 2408. 9400 0. 100000 0. 53193 23. 148 
10091 2495. 4500 2268. 2000 0. 100000 0. 53193 27. 082 
10092 2268. 1300 2078. 2600 0. 100000 0. 53193 29. 646 
10093 2080. 0200 1899. 0700 0. 100000 0. 53193 36. 970 
10094 1886. 0800 1728. 6800 0. 100000 0. 53193 43. 176 
10095 1734. 0300 1577. 9400 0. 100000 0. 53193 56. 484 
10096 1598. 9800 1467. 9900 0. 140000 0. 53193 31. 035 
10097 1472. 9000 1353. 8700 0. 140000 0. 53193 36. 832 
10098 1347. 2800 1233. 9900 0. 140000 0. 53193 47. 495 
10099 1233. 5400 1119. 3500 0. 140000 0. 53193 65. 775 
10100 1117. 1300 1029. 6200 0. 225000 0. 53187 26. 757 
10101 1027. 6900 949. 5450 0. 225000 0. 53187 31. 948 
10102 915. 0300 848. 6850 0. 225000 0. 53187 40. 911 
10103 751. 0020 699. 7100 0. 320000 0. 53187 32. 020 
10104 635. 7200 592. 1960 0. 320000 0. 53210 50. 820 
10105 521. 1540 479. 7340 0. 440000 0. 53230 55. 397 
10106 440. 5700 409. 7460 0. 700000 0. 53240 30. 076 
10107 377. 9350 355. 0260 0. 700000 0. 53252 39. 065 
10128 271. 4450 250. 3890 1. 000000 0. 53225 61. 222 
10108 271. 3440 250. 3500 1. 000000 0. 53252 61. 063 
10109 203. 1450 187. 1580 1. 400000 0. 53226 65. 949 
10110 157. 8030 144. 7370 2. 250000 0. 53226 49. 768 
10111 126. 1360 115. 8420 3. 200000 0. 53250 41. 006 
10131 113. 7040 104. 8350 4. 400000 0. 53268 26. 233 
10129 103. 5120 95. 4615 3. 200000 0. 53270 61. 860 
10112 103. 5130 95. 2660 3. 200000 0. 53252 63. 636 
10132 94. 9775 87. 2575 4. 400000 0. 53274 42. 026 
10130 87. 1670 80. 7000 4. 400000 0. 53273 46. 424 
10113 87. 3060 80. 5295 f 400000 0. 53275 48. 705 
10114 79. 9105 75. 2925 •»« 400000 0. 53272 43. 191 
10115 75. 0060 69. 4475 4. 400000 0. 53278 66. 559 
10116 65. 6875 61. 0430 4. 400000 0. 53292 87. 560 
10117 57. 7621 55. 3612 4. 400000 0. 53010 67. 327 
10118 51. 8523 50. 4055 4. 400000 0. 53014 57. 933 
10119 43. 5701 42. 6242 7. 000000 0. 53310 27. 231 
10133 37. 8546 36. 9613 7. 000000 0. 53320 41. 809 
10120 37. 8735 36. 9359 7. 000000 0. 53321 43. 897 
10121 33. 6461 32. 6434 7. 000000 0. 53332 69. 802 
10122 28. 6752 27. 9860 7. 000000 0. 53348 77. 557 
10123 24. 9784 24. 4002 10. 000000 0. 53395 47. 222 
10124 21. 9769 21. 6932 10. 000000 0. 53423 32. 392 
10140 20. 7397 20. 4258 10. 000000 0. 53437 42. 028 
10125 19. 6029 19. 3675 10. 000000 0. 53454 36. 486 
10142 18. 3674 17. 9201 10. 000000 0. 53470 84. 087 
10141 18. 2636 18. 0169 10. 000000 0. 53470 46. 524 
10143 18. 2643 18. 0036 14. 500000 0. 53470 23. 372 
10138 17. 0684 16. 8529 10. 000000 0. 53495 48. 584 
PT NI 











NEON SAMPLE N£6 RAW DATA TAKEN JUNE 17-21, 1970 
R1 R2 HTRCUR HTRRES TIME 
(OHMS) (OHMS) (MA) (OHMS) (SECI 
17. 0698 16. ,8458 10. 000000 0 .53495 50.558 
16. 0096 15. 8070 10. 000000 0 .53521 54.088 
15. 0598 14. 8866 10. 000000 0 .53549 54.981 
14. 6423 14. 3947 10. 000000 0 .53566 85.760 
14. 3956 14. 2755 10. 000000 0 .53566 43.077 
1'. 3477 14. 2485 10. 000000 0 .53566 35.821 
14. 2769 14. 1506 10. 000000 0 .53566 47.501 
14. 2485 14. 1538 10. 000000 0 .53566 35.621 
14. 1543 14. 0697 10. 000000 0 .53566 35.815 
14. 0719 14. 0032 10. 000000 0 .53566 35.623 
NATURAL NEON SAMPLE NE6 MASS «  0 ,2261  MOLE VO -  12 .87  
>T NO T CV C MEASURED t  OIFF THETA 
(K)  (MJ/MOLE Kl  (MJ/MOLE Kl  IN CV (Kl  
10088  I .0378  3 .80280  00  3 .80280  00  0 .000  82 .986  
10068  1 .0900  4 .39230  00  4 .39230  00  0 .000  83 .074  
.0089  1 .1410  5-04590  00  5 .04590  00  0 .000  83 .029  
.0090  1 .1968  5 .81810  00  5 .81810  00  0 .000  83 .052  
.0091  1 .2334  6 .39050  00  6 .39050  00  0 .000  82 .958  
.0092  1 .2942  7 .37880  00  7 .37890  00  0 .000  82 .972  
1 0093  1 .3572  8 .53280  00  8 .53280  00  0 .000  82 .896  
1 0094  1 .4305  9 .96650  00  9 .96650  00  0 .000  82 .965  
10095  1 .5026  1 .15540  01  1 .15540  01  0 .000  82 ,957  
10096  I .5697  1 .32270  01  1 .32270  01  0 .000  82 .842  
I 0097  1 .6459  1 .52450  01  1 .52450  01  0 .000  82 .848  
1 0098  1 .7371  1 .79220  01  1 .79230  01  0 .000  82 ,848  
1 0099  1 .8377  2 .12620  01  2 .12630  01  0 .000  82 .796  
10100  1 .9441  2 .51580  01  2^51580  01  0 .000  82 .809  
10101  2 ,0472  2 .94390  01  2 .94390  01  0 .000  82 .751  
1 0102  2 .2026  3 .68430  01  3 .68430  01  0 .000  82 .619  
10103  2 .5049  5 .4706D 01  •  5 .47060  01  0 .000  82 .357  
10104  2 .8034  7 .78690  01  7 ,78690  01  0 ,001  81 .935  
1  5105  3 .2257  1 .21090  02  1 .210SD 02  0 .001  61 .378  
!  D106  3 .6071  1 .73430  02  1 .73430  02  0 .002  80 .731  
I  )107  3 .9907  2 .41920  02  2 .41930  02  0 .003  79 .936  
1  )128  4 .9980  5 .13910  02  5 .13950  02  0 .009  77 .868  
1  )108  4 .9988  5 .1415D 02  5 .14200  02  0 .009  77 .868  
1  )109  5 .9982  9 ,43390  02  9 .43580  02  0 .020  76 .224  
1  )110  6 .9993  1 .54150  03  1 .54210  03  0 .039  75 .204  
CC/MOLE THETAO »  83 .05  K PAGE I  
THETA M CV/T$$3  TSO TH/THO T/THO CAO/CTOT 
(Kl  (MJ/M K4I  (K#*2)  t  
82 .986  3 .40220  00  1 .077039  0 .9992  0 .  01250  46 .  667  
83 .074  3 .39140  00  I  . 183172  I .0003  0 .  01313  44 .  354  
83 .029  3 .39690  00  1 .301876  0 .9997  0 .  01374  42- 128  
83 .052  3 .39410  00  1 .432317  I  . 0000  0 .  01441  39 .  920  
82 .958  3 .40560  00  1 .521335  0 .9989  0 .  014B5 38 .  466  
82 .972  3 .40390  00  1 .674957  0 .9991  0 .  01558  36 .  349  
82 .896  3 .4I33D 00  1 .841950  0 .9981  0 .  01634  34 .  265  
82 .965  3 .40470  00  2 .046306  0 .9990  0 .  01722  32 .  1  86  
82 .957  3 .40570  00  2 .257824  0 .9989  0 .  01809  30 .  286  
82 .842  3 .4199D 00  2 .463928  0 .9975  0 .  01890  28 .  606  
82 .848  3 .41930  00  2 .708891  0 .9976  0 .  01982  26 .  976  
82 .848  3 .41910  00  3 .017568  0 .9976  0 .  02092  25 ,  232  
82 .796  3 .42580  00  3 .377319  0 .9969  0 .  02213  23 .  505  
82 .809  3 .42400  00  3 .779369  0 .9971  0 .  02341  21- 948  
82 .751  3 .43130  00  4 .190889  0 .9964  0 .  02465  20 .  578  
82 .619  3 .44770  00  4 .851568  0 .9948  0 .  02652  18- 769  
82 .357  3 .48070  00  6 .274499  0 .9917  0 .  03016  16 .  000  
81 .935  3 .53450  00  7 .858812  0 .9866  0 .  03376  13 .  943  
61 .378  3 .60780  00  10 .404824  0 .9799  0 .  03884  11 .  928  
80 .731  3 .69520  00  13 ,011271  0 .9721  0 .  04343  10 .  396  
79 .935  3 .80650  00  15 .925678  0 .9625  0 .  04805  9 .  310  
77 .865  4 .11620  00  24 .979880  0 .9376  0 .  06018  7 .  418  
77 .866  4 .11610  00  24 .988301  0 .9376  0 .  06019  7 .  417  
76 .219  4 .37150  00  35 .977918  0 .9178  0 .  07222  6 .  365  
75 .194  4 .49560  00  48 .990570  0 .9055  0 .  08428  5 .  801  
NATURAL NEON SAMPLE NE6 MASS «  0 .2261  MOLE VO «  12 .87  
'T  NO T 
CKI 
CV 
(MJ/HOtE K)  
C MEASUREO 
(MJ/MOLE Kl  




lOl l l  7 ,9984  2 ,29390  03  2 .29540  03  0 ,066  74 .639  
10131  8 .5018  2 .71920  03  2 .72150  03  0 .083  74 .509  
10129  8 .9983  3 .17940  03  3 .18270  03  0 .103  74 .? 'J4  
10112  9 .0041  3 ,18600  03  3 .18930  03  0 .  103  74 .292  
10132  9 .4973  3 .63900  03  3 .64360  03  0 .125  74 .366  
10130  9 .9941  4 .12530  03  4 .13140  03  0 .149  74 .357  
10113  9 .9962  4 .12850  03  4 ,13460  03  0 -149  74-349  
10114  10 .5005  4 ,63110  03  4 .63920  03  0 .175  74 .396  
.01  15  11 ,0045  5 .14570  03  5 .15620  03  0 .204  74 ,439  
0116  12 .0121  6 .19480  03  6 .21140  03  0 .269  74 .518  
1 0117  13 .0003  7 .17920  03  7 .20340  03  0 .337  74 .857  
o n e  13 .9986  8 .17830  03  8 .21210  03  0 .414  75 .056  
10119  15 .9964  1 .00780  04  1 .01360  04  0 .584  75 .411  
) 0133  18 .0003  1 .17650  04  1 .18560  04  0 .768  75 .881  
1 0120  18 .0019  1 .17670  04  1 .18570  04  0 .769  75 .879  
1 0121  19 .9974  1 .32390  04  1 .33660  04  0 .962  76 .357  
1 0122  22 .9950  1 .50360  04  <1 .52260  04  1 .261  77 .365  
10123  25 .9987  1 .64950  04  1 .67540  04  1 .568  78 .252  
1 0124  26 .9699  1 .76210  04  1 .79510  04  1 .872  79 .316  
10140  30 .4990  1 .81250  04  1 .84930  04  2 .031  79 .885  
10125  31 .9770  1 .85460  04  1 .89510  04  2 .182  80 .523  
10142  33 .9958  1 .91080  04  1 .95660  04  2 .395  80 .909  
10141  33 ,9987  1 .91840  04  1 .96450  04  2 .405  80 ,271  
10143  34 .0089  1 .91480  04  1 .96080  04  2 .401  60 .600  
10138  36 .0007  1 .95730  04  2 .00830  04  2 .603  81 .460  
CC/MOLE THETAO ->  83  .05  K PAGE 2  
THETA M CV/T**3  TSO TH/THO T/THO CAO/CTOT 
(K)  (MJ/M K4)  (K#*2)  % 
74 .621  4 .48290  00  63 .974386  0 .  8987  0 ,  09631  5 .536  
74 .485  4 .42510  00  72 .279889  0 ,  8972  0 .  10237  5 .488  
74 .274  4 .36370  00  80 .970196  0 .  8947  0 .  10835  5 ,459  
74 .262  4 .36440  00  81 .073991  0 ,  8945  0 .  10842  5 .457  
74 .329  4 .24800  00  90 .198798  0 .  8954  0 .  11436  5 ,523  
74 .311  4 .13260  00  99 .882543  0 .  8953  0 .  12034  5 ,584  
74-303  4 .13320  00  99-923220  0 .  8952  0 .  12036  5 -583  
74 .339  4 .00000  00  110 .259741  0 .  6958  0 .  12644  5 .682  
74 .371  3 .86130  00  121 .098954  0 .  8963  0 .  13250  5 .  806  
74 .421  3 .57410  00  144 .291069  0 .  8973  0 .  14464  6 .124  
74 ,724  3 .26750  00  169 .008068  0 .  9013  0 ,  15654  6 ,562  
74 .879  2 .98130  00  195 ,961133  0 .  9037  0 .  16856  7 .064  
75 .117  2 .46200  00  255 .884296  0 .  9080  0 .  19261  8 .293  
75 .426  2 .01730  00  324 .011102  0 .  9137  0 .  21674  9 .  848  
75 .425  2 .01700  00  324 .067947  0 .  9137  0 .  21676  9 .849  
75 .695  1 .65550  00  399 .897624  0 .  9194  0 .  24079  11 .690  
76 .295  1 .23670  00  528 .767639  0 .  9316  0 .  27688  14 ,997  
76 .524  9 .38660-01  675 .930748  0 .  9422  0 .  31305  18 .772  
77 .071  7 .24760-01  839 .257553  0 .  9550  0 .  34883  22 .814  
77 .196  6 .38880-01  930 .191719  0 .  9619  0 .  36724  24 .913  
77 .351  5 .67210-01  1022 .529096  0 .  9696  0 ,  38503  26 .946  
76 .988  4 .86340-01  1155 .715125  0 .  9742  0 .  40934  29 .605  
76 .305  4 .88140- 01  1155 ,913103  0 .  9665  0 .  40938  29 .525  
76 .653  4 .86790- 01  1156 .606190  0 .  9705  0 .  40950  29 .581  
76 .752  4 .19490-01  1296 .053353  0 .  9809  0 .  43348  32 .173  
NATURAL NEON SAMPLE NE6 
f r  NO T CV 
(K|  (NJ/HOLE K)  
10126  36  •  0060  I .  95930  04  
10139  36  •  0084  1 ,  96290  04  




 2 .  03870  04  
10084  41  •  0634  2.  06110  04  
10084  41  .5044  2 .  06650  04  
10144  41  .5961  2 .  06600  04  
10084  41  .8051  2 .  14910  04  
10144  41  •  8362  2 .  14180  04  
10144  42  •  0597 2 .  49950  04  
10144  42  •  2483  3 .  25950  04  
MASS «  0 .2261  MOLE VO »  12 .87  CC/MQLE 
C MEASURED 









2 .01040  04  2 .  606  81 .286  76 .564  
2 .03820  04  2 .  789  83 .516  70 .072  
2 .10030  04  3 .  026  82 .127  75 .569  
2 .12590  04  3 .  143  81 .882  74 .740  
2 .13240  04  3 .  187  82 .161  74 .795  
2-1320D 04  3 ,  193  82 .399  75 .005  
2 .22090  04  3 .  343  73 .397  64 .616  
2 .21320  04  3 .  334  74 .306  65 .656  
2 .59780  04  3 .  934  0 .0  0 .0  
3 .42950  04  5 .  217  0 .0  0 .0  
THERE ARE 60  DATA POINTS 
THETAO »  83  .05  K PAGE 3  
CV/T**3  
CMJ/M K4)  
TSO 
(K**2)  
TH/THO T/THO C&O/CTOT 
% 
4 .19740-01  1296 .  429503  0 .9788  0 .  43355  32 .  158  
3 .61130-01  1444 ,  635766  1 .0056  0 .  45766  34- 811  
3 .18410-01  1600 .  441293  0 .9889  0 .  48170  36 .  911  
2 .97660-01  1686 .  205671  0*9859  0 .  49444  38 .  04  1  
2 .89040-01  1722 .  614211  0 .9893  0 .  49975  38 .  545  
2 .67060-01  1730 .  239178  0 .9922  0 .  50086  38 .  669  
2 .94150-01  1747 .  669743  0 .8838  0 .  50337  37 .  972  
2 .92490-01  1750 .  270510  0 .8947  0 .  50375  38 .  094  
3 ,35940-01  1769 .  018662  0 .0  0 .  50644  34 .  666  
4 .32240-01  1784 .  921657  0 .0  0 .  50871  28 .  876  
142 
NATURAL NEON SAMPLE NE7 RAW DATA TAKEN JUNE 27-JULY 8, 1970 
PT NO Rl R2 HTRCUR HTRRES TIME 
(OHMSI (OHMSI (MAI (OHMSI (SEC! 
11009 3993. 9500 3548. 2300 0. 044000 0. 53185 71. 873 
11058 3710. 1600 3338. 0000 0. 100000 0. 53192 13. 814 
11010 3532. 3300 3188- 2900 0. 044000 0. 53185 74. 939 
11011 3172. 5400 2869. 8800 0. 100000 0. 53185 16. 982 
11012 2866. 8500 2599. 2200 0. 100000 0. 53185 19. 849 
11013 2608. 7200 2368. 1200 0. 100000 0. 53185 23. 262 
11015 2433. 8500 2219. 3300 0. 100000 0. 53185 25. 198 
11014 2373. 4400 2257. 9900 0. 100000 0. 53185 13. 679 
11060 2392. 1000 2188. 9800 0. 100000 0. 53192 24. 991 
11016 2215. 9700 2019. 3600 0. 100000 0. 53185 30. 473 
11017 2014. 9200 1839. 6300 0. 100000 0. 53185 36. 113 
11061 1822. 5700 1659. 1700 0. 100000 0. 53190 46. 017 
11019 1673. 4000 1519. 7100 0. 100000 0. 53185 56. 947 
11020 1513. 4200 1389. 6100 0. 140000 0. 53185 31. 867 
11021 1388. 9400 1279. 8200 0. 140000 0. 53185 37. 029 
11022 1287. 9300 1187. 1900 0, 140000 0. 53185 44. 016 
11023 1183. 2900 1069. 9900 0. 140000 0. 53185 54. 446 
11024 1084. 1100 998. 7000 0. 140000 0. 53185 67. 566 
11025 985. 1000 919. 6900 0. 225000 0. 53178 27. 361 
11026 919. 1900 846. 5250 0. 225000 0. 53184 39. 896 
11062 833. 1550 771. 9100 0. 225000 0. 53187 47. 605 
11027 750. 7760 700. 2140 0. 320000 0. 53184 28. 077 
11028 637. 6660 592. 2800 0. 320000 0. 53184 46. 637 
11029 524. 2220 487. 4900 0. 320000 0. 53188 78. 458 
11030 441. 2700 410. 7140 0. 440000 0. 53191 65. 635 
11031 378. 8940 352. 0130 0. 700000 0. 53214 40. 481 
11063 271. 3540 250. 4570 1. 400000 0. 53265 26. 808 
11032 271. 3530 250. 2300 1. 000000 0. 53225 33. 189 
11064 203. 2200 187. 1380 1. 400000 0. 53276 57. 366 
11033 203. 0560 187. 2440 1. 400000 0. 53226 56. 440 
11034 157. 7370 144. 9550 2. 250000 0. 53253 42. 307 
11065 157. 8010 144. 7840 2. 250000 0. 53285 43. 117 
11066 126. 1040 116. 6240 3. 200000 0. 53289 32. 819 
11035 126. 2390 115. 9740 3. 200000 0. 53265 35. 822 
11067 103. 6700 95. 3605 3. 200000 0. 53292 56. 564 
11068 87. 2265 80. 6355 4. 400000 0. 53302 42. 558 
11055 86. 8720 80. 9195 4. 400000 0. 53286 38. 462 
11056 74. 9875 69. 5425 4. 400000 0. 53290 59. 179 
11057 65. 8830 61. 1495 4. 400000 0. 53292 81. 232 
11040 57. 7456 55. 3765 4. 400000 0. 53292 61. 402 
11041 51. 8680 50. 4034 4. 400000 0. 53286 54. 542 
11042 47. 3555 46. 1440 7. 000000 0. 53308 24. 648 
11043 43. 5787 42. 5999 7. 000000 0. 53310 26. 712 
11044 40. 5641 39. 4985 7. 000000 0. 53317 37. 785 
11045 37. 8944 36. 9292 7. 000000 0. 53324 43. 306 
11046 35. 5060 34. 7183 7. 000000 0. 53325 43. 844 
11047 30. 8646 30. 2227 7. 000000 0. 53341 56. 199 
11048 26. 6433 26. 1548 7. 000000 0. 53354 66. 367 
11049 23. 3729 22. 9916 10. 000000 0. 53409 36. 668 
11050 20. 7432 20. 4239 10. 000000 0. 53437 42. 593 
143 
NATURAL NEON SAMPLE NE7 RAW DATA TAKEN JUNE 27-JULY 8, 1970 
PT NO R1 R2 HTRCUR HTRRES TIME 
(OHMSJ (OHMS) (MAI (OHMSJ (SECI 
11051 18. 2633 18, 0111 10. 000000 0. 55470 47. 426 
11075 18. 2604 18. 0061 10. 000000 0. 53477 47. 845 
11076 17. 0793 16. 8567 10. 000000 0. 53482 50. 120 
11069 16. 0101 15. 8427 10. 000000 0. 53527 44. 946 
11052 16. 0141 15. 8184 10. 000000 0. 53521 52. 563 
11077 16. 0082 15. 8096 10. 000000 0. 53505 53. 388 
11070 15. 8419 15. 6555 10. 000000 0. 53527 51. 666 
11071 15. 0638 14. 6860 10. 000000 0. 53549 56. 524 
11072 14. 2108 14. 0573 10. 000000 0. 53553 57. 457 
11053 14. 2021 14. 0432 10. 000000 0. 53566 59. 560 
11073 13. 4499 13. 3095 10. 000000 0. 53576 61. 451 
11054 12. 7779 12. 6304 10. 000000 0. 53634 75. 040 
11074 12. 7622 12. 6309 10. 000000 0. 53600 66. 814 
11078 12. 5742 12. 5076 10. 000000 0. 53502 35. 140 
11001 12. 5250 12. 4865 10. 000000 0. 53654 20. 331 
11079 12. 5076 12. 4419 10. 000000 0. 53602 35. 423 
11002 12. 4852 12. 4295 10. 000000 0. 53654 29. 861 
11080 12. 4421 12. 3799 10. 000000 0. 53602 35. 187 
11003 12. 4288 12. 3748 10. 000000 0. 53654 29. 976 
11081 12. 3809 12. 3303 10. 000000 0. 53602 34. 755 
11005 12. 3761 12. 3316 10. 000000 0. 53654 30. 146 
11006 12. 3316 12. 2935 10. 000000 0. 53654 29. 912 
11082 12. 3318 12. 2874 10. 000000 0. 53602 34. 854 
NATURAL NEON SAMPLE NE7 MASS - 0 .2311  9  MOLE VO «  12 .58  CC/MOLE THETAO =  8  7 .63  K PAGE I  
>T NO T 
IKÏ  
CV 
(MJ/MGLE Kl  
C MEASURED 
(MJ/MOLE Kl  
*  OIFF 
IN CV 
THETA 




(MJ/M K4I  
TSO 
(K**2;  
TH/THO T/THn CAO/CrOT 
t  
11009  0 -9828  2 .76970  00  2 .76970  00  0 .000  87 .349  87 .349  2 .91740  00  0 .965952  0 .9968  0 .  01  1 22  52 .  574  
U058  1 .0145  3 .03640  00  3 .03640  00  0 .000  87 .446  87 .446  2 .90770  00  1 .029307  0 .9979  0 .  01158  51 .  085  
11010  I .0380  3 .24140  00  3 .24140  00  0 .000  87 .540  87 .540  2 .89840  00  1 .077407  0 .9990  0 .  0 1  1 * 5  5 0 .  0 3 ?  
11011  1 .0933  3 .76970  00  3 .76970  00  0 .000  87 .678  87 .678  2 .88470  00  1 .  195281  1 .0005  0 .  01748  47 .  6 0 f t  
11012  1 .1494  4 .39200  00  4 .39200  00  0 .000  87 .602  87 .602  2 .89220  00  1 .321145  0 .9997  0 .  0 1 3 1 2  45 .  l ? l  
11013  1 .2058  5 .06650  00  5 .06650  00  0 .000  87 .623  87 .623  2 .89010  00  t .453870  0 .9999  0 .  01176  42 .  867  
11015  1 .2496  5 .63430  00  5 .63430  00  0 .000  87 .576  87 .576  2 .89480  00  1 .558887  0 .9994  0 .  01425  41 ,  208  
11014  1 .2508  5 .64300  00  5 .64300  00  0 .000  87 .686  87 .636  2 .88400  00  1 .564402  1 .0006  0 .  01427  41  .  ? \  e  
11060  1 .2587  5 .78550  00  5 .78550  00  0 .000  87 .514  87 .514  2 .90090  00  1 .584418  0 .9987  0 .  014  36  40 ,  785  
11016  1 .3124  6 .5460D 00  6 .54600  00  0 .000  87 .562  87 .562  2 .89620  00  1 .722267  0 .999?  0 .  01  498  38 .  943  
11017  1 .3809  7 .63960  00  7 .63960  00  0 .000  87 .511  87 .511  2 .90130  00  1 .906876  0 .9986  0 .  01576  36 ,  684  
11061  1 .4609  9 .02840  00  9 .02840  00  0 .000  87 .568  87 .568  2 .89560  00  2 .134257  0 .9993  0 .  01667  34 .  387  
11019  1 .5342  1 .04730  01  1 .04730  01  0 .000  87 .522  87 .522  2 .90020  00  2 .353834  0 .9988  0 .  01751  32 .  417  
11020  1 .6205  1 .23890  01  1 .23890  01  o . o c o  87 .410  87 .410  2 .91140  00  2 .625937  0 .9975  0 .  01849  30 .  292  
11021  1 .7027  1 .43690  01  1 .43690  01  0 .000  87 .414  87 .414  2 .91100  00  2 .899059  0 .9975  0 .  01943  28 .  557  
11022  1 .7813  l«646d0  01  1«64680  01  0 .000  07 .389  87 .389  2 .91350  00  3 .173086  0 .9972  0 .  02033  27 .  043  
11023  1 .8763  1 .92400  01  .1 .92400  01  0 .000  87 .395  87 .395  2 .91280  00  3 .520434  0 .9973  0 .  02141  25 .  428  
11024  1 .9812  2 .27000  01  2 .27000  01  0 .000  87 .333  87 .333  2 .91910  00  3 ,925184  0 .9966  0 .  02261  23 .  804  
11025  2 .0959  2 .68470  01  2 .6847U 0 !  0 .000  B7-365  87 .365  2 .91590  00  4 .392885  0 .9970  0 .  02392  22 .  298  
11026  2 .2014  3 .11640  01  3 .11640  01  0 .000  87 .311  87 .311  2 .92130  00  4 .846049  0 .9964  0 .  02512  21 .  024  
11062  2 .3426  3 .78220  01  3 -78220  01  0 .000  87 .105  87 .105  2 .94200  00  5 .487845  0 .9940  0 .  02673  19 .  451  
11027  2 .5045  4 .63630  01  4 .63630  01  0 .000  87 .015  87 .015  2 .95120  00  6 .272621  0 .9930  0 .  02858  17 .  977  
11028  2 .8004  6 .55720  01  6 .55730  C 1  0 .001  86 .675  86 .675  2 .98580  00  7 .842149  0 .9891  0 .  03196  15 .  776  
11029  3 .2011  9 .95420  01  9 .95430  C I  0 .001  86 .208  86 .208  3 .03450  00  10 .247332  0 .9838  0 .  03653  13 .  67  7  
11030  3 .6022  1 .45020  02  I .45020  C2 0 .002  85 .577  85 ,577  3 .10240  00  12 .975966  0 .9766  0 .  04111  11 .  892  
NATURAL NEON SAMPLE NE7 MASS «  0 .2318  MOLE VD =  12 .  
»T NO T CV C MEASURED % DÏFF THETA 
(K)  IMJ/MOLE Kl  (MJ/HOLE K)  IN CV (K)  
.1031  3  .9991  2 .04230  02  2 .04230  02  0 .003  84 .75  7  
.1063  4  .9981  4 .28390  02  4 .28420  02  0UOO9 82 .746  
.1032  4  .9996  4 .26380  02  4 ,28410  02  0 .008  82-772  
1064  5  .9977  7 .88240  02  7 .88380  02  0 .017  80 .973  
.1033  5  .9981  7 .07830  02  7 .87960  02  0 .017  80 .993  
1034  6  .9970  1 .29650  03  1 .29690  03  0 .033  79 .805  
.1065  6  .9987  1 .29750  03  1 .29790  03  0 .033  79 .804  
' 1066  7  .9825  1 .94070  03  1 .9410D 03  0 .057  79 .106  
1 1035  7  •  9937  1 .94010  03  1 .94930  03  0 .057  79 .109  
1 1067  8  .9973  2 .72970  03  2 .73220  03  0 .091  78 .738  
1 1068  9  .9946  3 ,59770  03  3 .60240  03  0 ,133  78 .619  
1 1055  9  ,9956  3 .59720  03  3 .60200  03  0 .133  78 .630  
I 1056  11  .0002  4 .53480  03  4 .54310  03  0 .184  78 .644  
t  1057  11  .9929  5 ,49680  03  5 .51010  03  0 .243  78 .728  
1 1040  13  •  0003  6 .47340  03  6 .49350  03  0 .311  78 .923  
1 1041  13  .9973  7 .42210  03  7 .45060  03  0 -304  79 .185  
:  1042  14  .9932  8 .35610  03  e .39480  03  0 .464  79 .401  
1 1043  15  .9989  9 ,27060  03  9 .32150  03  0 .549  79 .602  
1 1044  16  .9989  1 .01400  04  1 .02050  04  0 .639  79 .005  
I 1045  17  .9991  1 .09570  04  1 .10370  04  0 .732  00 .049  
1 1046  19  .0108  1 .17370  04  1 .18340  04  0 .829  00 .293  
1 1047  21  .4991  1 .34370  04  1 .35820  04  1 .076  80 .983  
I 1048  24  .4925  1 .51220  04  1 .53310  04  1 .383  01 .687  
1 1049  27  .4871  1 .64750  04  1 .67540  04  1 .696  82 .070  
I 1050  30  .4981  1 .75970  04  1 .79520  04  2 .017  83 .675  











TH/THO T/THO CAD/CTOT 
T 
04 .757  3 .19320  00  15  .992709  0 .  9672  0 .04564  10 .646  
82 ,744  3 .43110  00  24  ,980723  0 .  9443  0 .05704  8 .572  
82 .769  3 .42790  00  24  .995631  0 .  9446  0 .05705  8 ,  578  
80 .969  3 .65350  00  35  •972330  0 .  9240  0 .06844  7 .351  
80 ,988  3 .65080  00  35  .977061  0 .  9243  0 ,06845  7 ,  355  
79 .796  3 .78480  00  40  .957376  0 .  9107  0 .07985  6 .661  
79 .795  3 .78490  00  48  ,901181  0 .  9107  0 .07987  6 .661  
79 .090  3 .81530  00  63  .720259  0 ,  9027  0 .09109  6 ,299  
79 .093  3 .81390  00  63  .099299  0 .  9028  0 .09122  6 .298  
78 .711  3 .74780  00  80  .951122  0 .  8985  0 .10267  6 .  155  
78 .577  3 .60340  00  99  .893021  0 .  8972  0 .11406  6 ,206  
78 .589  3 .60190  00  99  .912620  0 .  8973  0 .11407  6 .  209  
78 .582  3 .40680  00  121  •005370  0 .  8975  0 .L2553  6 .381  
76 .640  3 .18660  00  143  .830035  0 .  8984  0 .  136B6 6 .  665  
78 .601  2 .94630  00  169  .007549  0 .  9006  0 .  14835  7 .063  
79 .022  2 .70640  00  195  .923568  0 .  9036  0 .15973  7 .552  
79 .109  2 .47930  00  224  .794971  0 .  9061  0 .17110  8 .114  
79 .329  2 .26380  00  255  •963056  0 .  9084  0 .10257  8 .756  
79 .463  2 .06430  00  288  .961874  0 .  9107  0 .  19398  9 .471  
79 .625  1 .87910  00  323  •969430  0 .  9135  0 .20540  10 .268  
79 .776  1 .70820  00  361  •411209  0 .  9163  0 .21694  11 .148  
00 .102  1 .35220  00  462  .212985  0 ,  9241  0 .24534  13 .625  
00 .632  1 .02920  00  599  .882747  0 .  9345  0 .27950  17 .105  
80 .904  7 .93200- 01  755  .542922  0 .  9457  0 .31367  20 .975  
61 .133  6 .20320- 01  930  •131632  0 .  9549  0 .34803  25 .002  
NATURAL NEON SAMPLE NÊ7 MASS « 0.2316 HOLE < O
 
H 12.' 










11051 34 .0037 1.96290 04 1.90740 04 2. 389 84. 947 
11075 34 .0100 1.86310 04 1.90770 04 2. 390 84. 940 
11076 35 .9876 1.90800 04 1.95750 04 2. 595 85. 900 
11069 37 .9714 1.95950 04 2.01470 04 2. 818 85. 708 
11052 37 .9922 1.9555D 04 2.01050 04 2. 614 86. 145 
11077 38 .0071 1.9S37D 04 2.0086D 04 2. 812 86. 349 
11070 38 .3338 1.9693D 04 2.02560 04 2. 860 85. 565 
11071 40 .0017 1.9940D 04 2.05440 04 3. 027 86. 752 
11072 42 .0049 03200 04 2.09790 04 3. 246 86. 967 
11053 42 .0336 2.0303D 04 2.09620 04 3- 246 B7- 212 
11073 44 .0032 2.06610 04 2.13770 04 3. 465 87. 163 
11054 45 .9859 2.1046D 04 2.18250 04 3. 697 66. 354 
11074 46 .0091 2.09750 04 2.17480 04 3. 686 87. 284 
11078 46 .4951 2.1069D 04 2.18580 04 3. 744 97. 020 
11001 46 .6065 2.08610 04 2.16360 04 3. 715 89. 841 
11079 46 .7055 2.1329D 04 2.21410 04 3. 810 04. 105 
11002 46 .7612 2.10220 04 J.16110 04 3. 757 86. 124 
11080 46 .9104 2.25850 04 2.35030 04 4. 062 66 .  943 
11003 46 .9401 2.18460 04 2.27030 04 3. 926 77. 660 
11081 47 .0901 2.9971D 04 3.16140 04 5. 404 0. 0 
11005 47 .0957 2.93950 04 3.09750 04 5. 374 0. 0 
11006 47 .2308 3.57800 04 3.81550 04 6. 638 0. 0 
11082 47 .2405 3.56970 04 3.80620 04 6. 623 0. 0 
THERE »RE 73 OAT* POINTS 




(MJ /M K4I  
TSQ 
(K**2I  
TH/THO T/THO CAO/CTOT 
% 
81 .218  4 .73810-01  1156  .248619  0 .  9694  0 .  38804  29 .  629  
61 .208  4 .73610-01  1156  .680089  0 .  9693  0 .  3BR11 29 .  636  
81 .410  4 .09380-01  1295  .105725  0 .  9303  0 .  41068  32 .  169  
60 .319  3 .57910-01  1441  .630365  0 .  9781  0 .  43332  34 .  457  
60 .780  3 .56590-01  1443  .400997  0 .  9831  0 .  43355  34 .  534  
60 .993  3 .55850-01  1444  .540063  0 .  9854  0 .  4337?  34 .  576  
79 .997  3 .49600-01  1469  .476586  0 .  9764  0 .  43745  34 .  851  
60 .469  3 .11530-01  1600  .138650  0 .  9900  0 .  45648  36 .  841  
79 .639  2 .r417D-01  1764  .407723  0 .  9924  0 .  47934  30 .  907  
79 .693  2 .73360-01  1766  .825144  0 .  9952  0 .  47967  39 .  043  
78 .658  2 .42490-01  1936  .282933  0 .  9947  0 .  50215  41  .  012  
76 .363  2 .16420-01  2114  .7062  52  0 .  9854  0 .  52477  42 .  785  
77 .419  2 .15360-01  2116  .840602  0 .  9960  0 .  52  504  42 .  696  
76 .750  2 .09620-01  2161  .794032  0 .  9930  0 .  5305*  43 .  299  
79 .922  2 .06060-01  2172  .  162946  1 .  0252  0 .  53186  43 .  670  
73 .162  2 .09350-01  2181  .407730  0 .  9598  0 .  53299  43 .  207  
77 .829  2 .05590-01  2186  .608677  1 .  0056  0 .  53362  43- 635  
0 .0  2 .18780-01  2200  .587095  0 .  7639  0 .  53532  41 .  964  
65 .167  2 .11220-01  2203  .372564  0 .  8862  0 .  53566  42 .  840  
0 .0  2 .67020-01  2217  .475807  0 .  0  0 .  53737  35 .  134  
0 .0  2 .61410-01  2218  .009482  0 .  0  0 .  53744  35 .  607  
0 .0  3 .39600-01  2230  .747329  0 .  0  0 .  53896  31 .  104  
0 .0  3 .38600-01  2231 . 665259  0 .  0  0 .  53909  31. 165  
147 
NATURAL NEON SAMPLE NEB RAW DATA TAKEN JULY 10-16, 1970 
PT NO R1 R2 HTRCUR HTRRES TIME 
(OHMS) (OHMS) (MAI (OHMS) (SEC» 
11215 3506. 8800 3161. 2200 0. 100000 0. 53197 14. 156 
11216 3154- 1100 2846. 1300 0. 100000 0. 53197 16. 686 
11221 2914. 5400 2630. 0600 0. 100000 0. 53196 19. 214 
11217 2828. 0000 2549. 1000 0. 100000 0. 53197 20. 455 
11218 2552. 2200 2319. 0900 0. 100000 0. 53197 22. 589 
11219 2325. 0000 2119. 3000 0. 100000 0. 53197 25. 937 
11222 2231. 7300 2031. 3000 0. 100000 0. 53196 28. 581 
11220 2122. 7800 1939. 4400 0. 100000 0. 53197 30. 179 
11223 2033. 5200 1847. 7100 0. 100000 0. 53196 35. 071 
11224 1847. 5300 1699. 0600 0. 100000 0. 53196 36. 832 
11225 1697. 2500 1558. 2600 0. 100000 0. 53196 44. 917 
11226 1552. 4500 1419. 4100 0. 100000 0. 53196 57. 521 
11227 1417. 0000 1304. 0200 0. 140000 0. 53196 33. 275 
11228 1304. 8000 1199. 3200 0. 140000 0. 53196 40. 878 
11229 1199. 3300 1109. 6200 0. 140000 0. 53196 45. 724 
11230 1110. 5800 1024. 2100 0. 140000 0. 53196 57. 526 
11231 914. 9400 849. 5500 0. 225000 0. 53197 32. 893 
11232 751. 3120 699. 7760 0. 320000 0. 53197 26. 092 
11233 634. 4640 591. 8060 0. 320000 0. 53197 40. 282 
11234 520. 6500 479. 8060 0. 440000 0. 53195 43. 551 
11235 439. 5760 409. 7340 0. 700000 0. 53215 23. 04C 
11236 377. 0790 355. 6540 0. 700000 0. 53217 28. 565 
11261 270. 0420 252. 0150 1. 000000 0. 53249 40. 219 
11237 271. 2540 250. 7320 1. 000000 0. 53245 45. 846 
11238 203. 1570 187. 3880 1. 400000 0. 53276 49. 928 
11239 157. 8870 144. 9970 2. 250000 0. 53288 38. 019 
11240 126. 3390 115. 6790 3. 200000 0. 53291 33. 530 
11241 103. 6760 95. 3745 3. 200000 0. 53292 51. 213 
11242 87. 2720 80. 5715 4. 400000 0. 53297 39. 568 
11243 75. 0660 69. 4955 4. 400000 0. 53294 55. 764 
11262 65. 8125 61. 1695 4. 400000 0. 53301 73. 995 
11244 65. 7560 61. 1305 4. 400000 0. 53301 74. 012 
11245 57. 7609 55. 3533 4. 400000 0. 53297 58. 398 
11246 51. 8514 50. 4054 4. 400000 0. 53297 50. 757 
11247 47. 3217 46. 1514 7. 000000 0. 53310 22. 609 
11248 43. 5882 42. 5872 7. 000000 0. 53319 26. 060 
11249 40. 5487 39. 4959 7. 000000 0. 53319 35. 827 
11250 37. 8901 36. 9086 7. 000000 0. 53319 42. 490 
11251 35. 5661 34. 7161 7. 000000 0. 53330 45. 654 
11252 33. 6502 32. 6217 7. 000000 0. 53346 67. 408 
11253 28. 6748 27. 9940 7. 000000 0. 53361 73. 583 
11254 24. 9536 24. 4326 10. 000000 0. 53393 41. 522 
11255 21. 9811 21. 6452 10. 000000 0. 53419 38. 009 
11256 19. 6096 19. 3237 10. 000000 0. 53448 44. 264 
11263 17. 0728 16. 8433 10. 000000 0. 53489 51. 877 
11257 17. 0638 16. 8505 10. 000000 0. 53485 48. 175 
11264 16. 0104 15. 8113 10. 000000 0. 53515 53. 535 
11258 15. 0699 14. 8905 10. 000000 0. 53526 57. 169 
11259 13. 4508 13. 3069 10. 000000 0. 53570 63. 277 
11265 12. 7611 12. 6351 10. 000000 0. 53607 64. 274 
m 
NATURAL NEON SAMPLE NE8 RAW DATA TAKEN JULY 10-18, 1970 
PT NO R1 R2 HTRCUR HTRRES TIME 
(OHMSI (OHMSI (MAI (OHMS) (SECl 
11266 12.1379 12.0290 10. 000000 0.53638 64.152 
11260 12.1331 12.0245 10. 000000 0.53629 64.007 
11267 11.5700 11.4670 10. 000000 0.53667 69.818 
11268 11.3115 11.2696 10. 000000 0.53650 30.272 
11269 11.2698 11.2293 10. 000000 0.53650 29.984 
11270 11.2296 11.1904 10. 000000 0.53650 30.152 
11271 11.1912 11.1596 10. 000000 0.53650 26.753 
11272 11.1613 11.1312 10. 000000 0.53650 30.044 
NATURAL NEON SAMPLE NE8 MASS = 0.2361 MOLE O > 
PT N 3 T (K) CV (HJ/MOLE K ) 
C MEASURED (WJ/MOLE K> 
% OLFF 
IN  : v  
THETA ( K) 
11215 1.0420 2.90480 00 2.90480 00 0*300 91.146 
11216 1.0971 3.3649D 00 3.36490 00 0.000 91.382 
11221 1.1413 3.81530 on 3.81530 00 0.000 91.160 
11217 1.1592 3.97520 00 3.97520 00 0.000 91.330 
112 19 1.2192 4.63070 00 4.63070 00 0.000 91.295 
I 1219 1.2791 5.3 3900 00 5.3390D 00 0*300 91*346 
11222 1.3078 5.7144D 00 5.71440 00 0.000 91.303 
11220 1.3421 6.18410 00 6.16410 00 0.000 91.258 
11223 1.3759 6,6 5 960 00 6*65960 00 0*300 91.274 
11224 1.4456 7.71830 00 7.71830 00 0.000 91*300 
11225 1.5170 8.86500 00 8 *88500 00 0*330 91.418 
112 26 1.5987 1*04060 01 1*04060 01 0.000 91.389 
11227 1.6832 1.22030 CI 1*22030 01 0.000 91.254 
11228 1.7689 1.41450 01 1.41450 01 0.000 91*294 
11229 1.8582 1.64180 01 1*64180 01 0*000 91*253 
112 30 1.9508 1*89630 01 1*89630 01 0*000 91 *308 
11231 2.2019 2.73200 01. 2*73200 01 0*000 91.251 
11232 2.5045 4 .06370 01 4.06370 01 0*300 90*921 
11233 2.8058 5.77980 01 5*77980 01 0*001 90.576 
11234 3.2265 0.91130 01 8.91140 01 0.001 90.158 
11235 3.6099 1.27010 02 1*27010 02 0.002 89*633 
11236 3.9913 1*75730 02 1*75730 02 0*003 88*938 
11261 4.9^56 3.69050 02 3*69080 02 0*307 86.922 
11237 4,9969 3.69370 02 3*69400 02 0.007 86.919 
112 38 5.9957 6*80630 0? 6*80740 02 0*015 85*034 
CC/MOLE THETAO =  o i  . 5 0  K PAGE I 
THETA M 
(KÏ 
C V / T * * 3  
(MJ/M K4i  
TSO T H / T H D  T / r n n  CAO^CTOT 
X  
9 1 * 1 4 6  2 . 5 6 7 9 0  0 0  1 .  0  8 5  6 6  5  0 . 9 9 6  1  O.OI1 3 9  5 2 . 4 1 5  
9 1 . 3 8 2  2 . 5 4 7 9 0  0 0  1 .  2 0 3 7 2 3  0*9987 0 , 0 1 1 9 9  5 0 . 0 7 9  
9 1 . 1 6 0  2 * 56660 CO 1 .  3 0 2  5 2  7  0 . 9 9 6 3  0 . 3 1 2 4 7  4 7 . 0 7 7  
9 1 . 3 3 0  2 . 5 5 2 3 0  0 0  1 .  3 4 3  6 3  2  0 . 9 9 8 1  0 . 0 1 2 6 7  4 7 . 3 6 5  
9 1 . 2 9 5  2.55530 00 1.  486439 0.9978 0 . 0 1 3 3 2  4 4 . 9 2 6  
91,346 2.55100 00 1.  636178 0.9983 0.01398 4 2 . 7 2 5  
91.303 2.55460 03 1.  713390 0.9978 0.0 1429 4 1 . 6 7 5  
91.258 2.55840 00 1. 801111 0.9974 0 . 3 1 4 6 7  40.474 
91.274 2.55700 00 1.  892971 0.9975 0 . 0 1 5 0 6  3 9 . 3 8 6  
91* 300 2.55490 00 2. 089786 0.9978 0.015Q0 3 7 . 2 7 7  
91.418 2.54500 0 0  2. 3 0 1 3 5 0  0 . 9 9 9 1  0.C165P 3 5 . 3 7 6  
91.389 2.54740 00 2. 555808 0.9988 0 . 0  1747 3 3 . 2 9 2  
91*254 2.55870 00 2. 833273 0 . 9 9 7 3  0.01940 31.270 
91.294 2.55530 00 3. 1 2 9 1 6 1  C.9978 0 . 0 1 9 3 3  2 9 . 5 6 2  
91.253 2.55880 00 3 .  452973 0.9973 0.32031 27.903 
91.308 2*55420 00 3 .  805704 0.9979 O.C2132 26.420 
91.251 2.55890 00 4.  848567 0.9973 0.02406 22.973 
90*921 2*58690 00 6. 272411 0.9937 0.02737 19.710 
90*576 2*61650 00 7.  8 72 74 ? 0*9899 0.0 3066 17.312 
90. 158 2.65300 00 10. 413444  0.9853 0.33526 14.989 
69.633 2*70000 00 13. 031197 0.9796 0.03945 13.191 
86*936 2.76380 00 15. 930322 0.9720 0.04362 11.924 
86*920 2*96020 00 24 .  955 890 0.9500 0.05460 9.644 
86.917 2*96050 00 24. 968579 0.9499 0.05461 9.641 
85*029  3*15780  00  35 .  948974  0.9293 0.06553 6*268 
NATURAL NEON SAMPLE N6B MASS - 0.2361 MOLE < O
 H CC/MOLE 
PT N O  T (K) CV (MJ/MOLE K  )  




I K )  
THETA M ( K )  
11239 6,9944 1,12650 03 1,12680 03 0,030 83,698 83.690 
11240 7.9981 1,70940 03 1.71030 03 0,051 82,891 82.876 
11241 8.9967 2.41300 03 2,41500 03 0.381 82,416 82,391 
11242 9,9956 3.2C950 03 3.21330 03 0.120 82.239 82,201 
11243 10.9991 4,07940 03 4,08630 03 0,168 82,215 82. 158 
11262 11.9957 4.98170 03 4.99290 03 0.224 02.323 02.242 
11244 12,0019 4.99430 03 5.00560 03 0-225 92.273 82.191 
11245 13,0011 5,91770 03 5,93480 03 0.289 82,449 02.336 
11246 13.9907 6,83510 03 6.85970 03 0.360 82,685 82,533 
11247 14.9963 7.75040 03 7.78430 03 0.437 82,865 82, 665 
11248 15,9994 8.64560 03 8.69060 03 0.521 83.057 82,801 
112 49 17.0020 9.50970 03 9.56760 03 0.609 83,246 62,923 
11253 18,0043 1.03290 04 1.04010 04 0.702 83.473 83.073 
11251 18,9976 1.10980 04 1.11860 04 0.796 63.706 83,218 
11252 20,0023 1,10400 04 1,19460 04 0.  895 83.901 83.312 
11253 22.9921 1.37470 04 1.39120 04 1.198 *4.774 63. 809 
11254 25,9946 1,53410 04 1,55740 04 1.517 85.516 84.040 
11255 26.9957 1.66320 04 1,69380 04 1.840 86,317 64.056 
11256 32.0036 1.76790 04 1.80620 04 2.IE.5 87,190 64.307 
11263 36,0056 1.88030 04 1.92930 04 2.602 88,408 64.025 
11257 36.0070 1.87760 04 1.92640 04 2,598 88.657 64,292 
11264 38,0032 1.92030 04 1.97430 04 2.811 89.545 84.347 
11250 39.9898 1.96650 04 2,02610 04 3.035 89,553 63.400 
11259 44,0056 2.04310 04 2.11430 04 3,486 89,826 81.460 
11265 46.0043 2.06950 04 2.14610 04 3.699 90.704 61.156 
THE TAG = 91, 50 K OAGE 2 
CV/T**3 TSQ TH/THO T/TMO CAOR TOT (MJ/M K4> (K*«2I % 
3.29210 00 48.921456 0,9147 0,07644 7,456 
3.34110 00 63,969935 0.9059 0.08741 7.004 
3.31370 00 80. 940 89 7 0,9007 0,39832 6.789 
3.21370 00 99.912955 0.8988 0.10924 6,791 
3,06560 00 120.981030 0.8985 0.12021 6.*23 
2.88600 00 143. 897 933 0,8997 0,13110 7.186 
2.88890 00 144.044829 0.8992 0.13117 7.178 
2.69280 00 169.028282 0.9011 0,14209 7.546 
2.49160 00 195.963942 0,9037 0.15299 8.016 
2.29810 00 224,889 970 0.9056 0.16399 6,555 
2.11100 00 2 55.9 8201 6 0,9077 0,17486 9.179 
1.93490 00 289.068177 0,9098 0.18581 9.879 
1.76980 00 324.156270 0.9123 0.19677 10.660 
1.61860 00 360.906935 0,9148 0.20762 11 .508 
1,47950 00 400,093 582 0,9170 0,21860 12.429 
1.13110 00 528.637682 0.9265 0.25128 15.600 
8.73390-01 675,718382 0.9346 0.2 8409 19,223 
6.82260-01 840,753120 0.9434 0.31689 23.121 
5.39330-01 1024.233591 0.9529 0.34977 27.085 
4.02640-CL 1296,401306 0.9662 0.39350 32.112 
4.02190-01 1296. 505896 0.9689 0.39352 32.147 
3.49870-01 1444. 240 947 0.9786 0.41534 34,545 
3.07490 -01 1599.183268 0.9787 0.43705 36.719 
2.39750-01 1936.496169 0.9817 0.48094 40,836 
2.12560-01 2116.392544 0,9913 0,50278 42.766 
N A T U R A L  N E O N  S A M P L E  N E 8  M A S S  =  0 . 2 3 6 1  M O L E  V O  =  1 2 . 3 7  C C / M C L E  T H E T A O  »  9 1  . 5 0  K  P A G E  3  
P T  N O  T  C V  C  M E A S U R E D  «  P I F F  T H E T A  T H E T A  M  C V / T » * 3  T S O  T H / T H P  T / T M O  C A O / C T O T  
( K )  ( M J / M O L E  K 1  { M J / M O L E  K )  I N  C V  ( K l  ( K >  t M J / M  K 4 )  ( K * * 2  1  % 
1 1 2 6 6  4 7  . 9 9 7 4  2 . 1 0 2 0 0  0 4  2 . 1 8 4 6 0  0 4  3 . 9 2 8  9 0 . 4 7 0  7 9 . 4 0 2  1 . 9 0 1 0 0 - 0 1  2  3 0 3 .  7 4 6 1 5 1  0 . 9 9 8 7  0 . 5 2 4 5 6  4 4 . 4 0 Q  
1 1 2 6 0  4 8  . 0 1 3 2  2 . 0 9 9 4 D  0 4  2 . 1 8 1 8 D  0 4  3 . 9 2 5  9 0 . 8 4 0  7 9 . 8 2 3  1 . 8 9 6 8 0 - 0 1  2 3 0 5 .  2 6 6 7 8 9  0 . 9 9 2 8  0 . 5 2 4 7 3  4 4 . 4 5 6  
1 1 2 6 7  5 0  . 0 1 5 4  2 . 1 3 5 7 0  0 4  2 . 2 2 4 8 0  0 4  4 . 1 6 9  8 9 . 6 7 1  7 6 . 7 2 0  1 . 7 0 7 0 0 - 0 1  2  5 0 1 .  5 4 3 2 4 6  0 . 9 8 C O  0 . 5 4 6 6 2  4 5 . @ « 5  
1 1 2 6 8  5 0  •  8 9 6 4  2 . 1 6 3 6 0  0 4  2 . 2 5 6 7 0  0 4  4 . 3 0 2  8 7 , 2 5 5  7 2 . 9 1 7  1 . 6 4 2 0 0 - 0 1  2 5 8 9 .  4 2 7 9 1 7  0 . 9 5 3 6  0 . 5 5 6 1 4  4 6 . 3 5 9  
1 1 2 6 9  5 1  . 0 4 7 0  2 . 2 1 8 4 0  0 4  2 . 3 1 6 6 0  0 4  4 . 4 3 1  7 9 . 3 0 8  0 . 0  1 . 6 6 7 7 0 - 0 1  2 6 0 5 .  7 9 6 1 0 8  0 . 8 6 6 8  0 . 5 5 7 8 9  4 5 . 8 6 5  
1 1 2 7 0  5 1  . 2 0 3 0  2 . 3 3 0 3 D  0 4  2 . 4 3 9 4 0  0 4  4 . 6 7 9  0 . 0  0 . 0  1 . 7 3 5 9 0 - 0 1  2 6 2 1 .  7 5 0  1 5 4  0 . 0  0 . 5  5 9 6 0  4 4 . 7 4 0  
1 1 2 7 1  5 1  . 3 4 0 4  2 . 6 9 4 9 D  0 4  2 . 8 4 2 2 0  0 4  5 . 4 6 6  0 . 0  0 . 0  1 . 9 9 1 4 0 - 0 1  2 6 3 5 .  8 3 7 7 7 5  0 . 0  0 . 5 6 1 1 0  4 1 . 1 3 3  
1 1 2 7 2  5 1  . 4 5 6 9  3 . 4 2 4 6 0  0 4  3 . 6 6 6 7 D  0 4  7 . 3 & 8  0 . 0  0 . 0  2 . 5 1 3 5 0 - 0 1  2 6 4 7 .  8 0 8 4 0 9  0 . 0  0 . 5 6 2 3 7  3 5 . 2 4 1  
T H E R E  A R E  5 8  D A T A  P O I N T S  
